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Ax ATTEMPT TO EXPLAIN. WITH Coxciskxxss 
AND PERSPICUITY [THE GENERAL ha F 
or AsTRONOMY.. vers a ot edlias welbes A 


TANKIND have in all ages been 4 $2 
of forming rational conceptions of the: "oy 7 ; 5 5 
nature and motion of thoſe bodies that appear in Ns | 
the vaſt concaye above their heads. Amidſt the 
Infinite variety of objects which ſurround them 
on every ſide, the heavenly bodies muſt have 
been amongſt thoſe which ei attracted their 
attention. They are of all objects the moſt con- 
ſpicuous, the moſt important, and the moſt 
| beautiful. 


1 1 may be defined as the ſcience 
which inſtrufts us in the laws, or rules, that 
govern the heavenly hoſt, and by which their 5 
, motions are directed. It weighs and conſiders 
the _ by which, they circulate i in oe orbs. 
A 2 | 


4 eee, SHLA TH. 


It enables us to diſcover theix ſize, determine N 
their diſtance, explain their various phenomena,” 
and thus corre the fallacies of the ſenſes by the 
| light of truth. | 


SE is 1 a 8 ſcience; 
it s uſe is as extenſive, as it's reſearches are ſub- 
lime. Navigation owns it for it's guide: by it 
commerce has been extended, and geography 
improved; and thus it has co-operated with 
other cauſes in the greateſt of all works, the 
_ diffuſion of knowledge, and 1 7 * | 


As in order to attain a debut 185 af 
Piece of mechaniſm, it is beſt to begin our in- 
veſtigations by an examination of thoſe” parts 
which give motion to the reſt, and are the pri- 

mary cauſes of thoſe effects for which the machine 
was made; ſo the young pupil will more eaſily 
gain a " juſt idea of the motion of the heavenly 
bodies, by conſidering them as ſeen from the fun, 
the center of our ſyſtem, and the principal agent 
uſed by the Lord of nature, for conducting ad 
regulating the Planetary ſyſtem. | 


u will nor be difficulc after this, to inform hi Wit 
* thoſe appearances are to be accounted for, 


Ee 
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clad bb See de Aeestes by which he is 
forced to conſider them from a point which is not 
in the center of the ſyſtem, and is conſequently 
the ſource of many apparent irregularities. ' It 
will then alſo be eaſy to prove to him, that the 
real and apparent motions of the heavenly bodies 
are frequently the reverſe of each other. For 
being by this means put into poſſeſſion of the 
univerſals of this ſcience, the r f 4 
e facile and clear. 


Or Taz SOLAR . AS SEEN BY A PO 


| TATOR, SUPFOSES ro BE PLACED Id THE 
. | 


Aae eats: of the 9 lens is the oaly 1056 
Sn which the motion of the planets can be 
truly ſeen, let us ſuppoſe our obſerver placed at 
ine center of the ſun. In this ſituation he will 
ſee at one view all the heavens, which will appear 
to him perfectly ſpherical, and the ſtars as fo 
many lucid points in the concave ſurſace of the 
ſphere; the center of which is the ſun, or, in 
the preſent inſtance, the eye of the obſerver. 


Our ſpectator will not, however, immediately 
conclude from appearances, either that the hea- 


vens are really ſpherical, or that the ſun is in the 


A 3 5 center 
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center of the hem or that the Was rehab 
equal diſtance from him; having been taught 

by experience and obſervation, that while he re- 
mains in the ſame place, he cannot judge properly” 

of the diſtance of ſurrounding objects, at leaſt 

of thoſe: which are placed beyond the ordinary 
reach of his view: for beyond that diſtance, all 
the principles by which we form our general 
judgment fail us, and we can only tell which is 
neareſt, or which is furtheſt, either by our om 
| Tr or 255 of che 1 


b 62 4 * 13 


40 70 illuſtrate this, kt EY mites of 5 
lamps, to be placed irregularly, at different 
diſtances from the eye, in a dark night. Now as 
in this caſe, we ſuppoſe the darkneſs to be ſo 
complete, that no intermediate objects could be 
ſeen, no difference in colour diſcerned, nor any 
perception of a convergence towards the point of 
ſight, our judgment could not aſſiſt us in diſtin- 
guiſhing the diſtance of one from the other, and 
they would therefore all ſeem to 1 at an . 
Ae from the aer e 


Woe thi ite redfon. the tw abc moon, the 
ſtars and planets, appear to be all at an equal 
diſtance from us; though it is highly probable, 
that ſome of the ſtars are many: millions of times 
FIR nmearer 


3 
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| neajet;toun than others. The ben 
ted; to to be - nearer than any-of the ſtars. - The 


moon and ſome of the planets are known by ocular 


| proof to be nearer to us than the ſun, becauſe they 
ſometimes come between it and our eye, and 
hide the whole, or a great part of his diſk, from 


our view. They all, however, appear, equally | 


diſtant, and to be placed in the ſurface of a 


ſphere, whereof our eye is the center. In what-. 
ever place, therefore, the ſpeQator reſides, he- 


ther it be on this earth, in the ſun, or in the 


regions of Saturn, he will conſider that place as 
the middle point of the univerſe, and as the 


center of the world; for it will be to him the 
center of that ſpherical ſurface, in which all 
en bodies appear to * be e ; 


illuſtrating this ſubject, and extending the ideas 


of his pupil, by actual experiments on real ob- 
jects. - Young people ſhould be taught to gain as 
much information as - poſſible from ſenſible 


images; by theſe their mind would be gradually 
led to feel it's powers, and ſoon learn to correct 


thoſe errors which are induced into it by appear- 
ances, derived only. from the ſenſes. No man 


can at once convey light inthe higher ſubjects to 
4 man's underſtanding. It muſt come 


eee Me tet 


aca; 


Way, 


1 8 | into 
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* * 


5 inte che mind from it's own e 
itſelf; and the grand art of philoſophy and edu- 
cation, is ta ſet the mind in action, and even 

| oaths yet ene pe > n in it's 


\The 51 508 may now e to en hs 
| olferenivas of the ſolar ſpectator ; to whom, as 
we havealready obſerved, the heavens will appear 
as the ſurface of a concave: ſphere, concentrical 
to his eye: in this ſurface he will diſcover an in- 
numerable hoſt of fixed ſtars, which vill for 
ſome time engage his attention, before he diſ- 
covers that they may be diſtioguiſhed into two 
kinds;- the one diſperſed through the whole 
heavens, differing in their degree of brightneſs, 
but remaining always at the ſame relative diſtance 
from each other. Theſe he will. therefore call 
FIXED STARS, or only sraRS. Beſides theſe, he 
will find ſome others moving among the fore- 
going with different velocities, which he will 
nl WANDERING STARS, OF PLANETS. - 


% 


1 5 however, it may be proper: to n | 
that what we call the ſky, in which the heavenly 
| bodies ſeem as it were to be fixed, is no real 


Witt ſubſtance. 


— 


4 Petvin's Notes to Leiters on Mind. N 


rays of light to our eyes; than thoſe which come 


directly from the ſun, all parts of the heavens, 
even at mid-day; would be dark, and the ſtars 


be viſible- at noon. But as our atmoſphere 
| abounds with particles capable of refleQng light 


every way, ſome of it will fall upon our eyes 


whitherſoever they are directed; from the nature 


of this reflection, we receive the idea of colour, 
and the mind immediately imagines a ſubſtance 
wherein it may reſide; in the ſame manner, the 


regular reflection of light from an object in à 


looking glaſs; yr TG mind inne 


: Oe” 


Vir de Sauſſire, when on pads —_ Moum 


Blanc, in Savoy, a mountain which is elevated 
15673 feet perpendicularly above the ſea, and 


where conſequently” the armoſphere muſt be 


much rarer than our's; ſays, that the moon ſhone 


with the brighteſt ſplendor in the midſt of a ſky as 
black as ebony; while Jupiter, rayed like the 
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eee ———— rele orher 


ſun, ſe fever" u u mn, i = 


LO: 
2 $ 


* Appendix to vol. 74, Monthly Review. 
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Shares: ae bee pectator will 
er to find out ſome method of . 

guiſhing the ſtars. from each other; concluding, 
that as they do not change their relative poſitions 
one to the other, he may make an exact deſcrip- 
tion of them, and by repeated obſervations. 
determine che poſition ann ſubſiſts 
Kb them. p 2 IO e 
4 en 2513-8 

That Fl mays WARY Wee in e eee 
gig be able to point out any particular ſtar, with- 
out being.obliged to give à name to each, he will 
divide them into ſeveral parcels; to each of theſe 
parcels he will aſſign a figure at pleaſure; theſe 
aſſemblages, or groupes of _ he will call 
* EN e rat 


*. | 332 5 


1 nad. of Forge og nip 
called the bear, becauſe the ſtars which compoſe 
It are at ſuch diſtances from each other, that they 
may fall within the figure of a bear. Another 
conſtellation is called the ſhip, becauſe that col- 
lection of ſtars which compoſe it, is repreſented 
upon a celeſtial globe as comprized within ſome 
part of the figure of a ſhip, 


As 
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1 the fixed ſtars will appear to our obſerver of 
different degrees of magnitude and ſplendor; he 
will divide them into ſix different claſſes. Thoſe 
which ſeem the largeſt and brighteſt, he will call 
ſtars of the firſt magnitude; the ſinalleſt that we 
can ſee with the naked eye, are called ſtars of the 
ſixth magnitude; and the intermediate ones, ac- 
cording to their different apparent ſizes, he will 
call of the ſecond, third, fourth, or fifth mag. 
nitudes. Thoſe ſtars which cannot be ſeen 
without the aſſiſtance of a teleſcope, are not 
reckoned in any of TION nn 
ii cor ene. | | 

By a TIAL . the fixed PAR 55 their 
poſitions, our obſerver will obtain ſo many fixed 
points, by which he may obſerve the' motions of 
the planets, and the relation of theſe motions to 
each other. For from the ſame place, theſe mo- 
tions can only be eſtimated by the angle formed at 
the ſpectator's eye by the N e the 
ni "OY _ query; e 


To ati mY FRA the ſtars nnd bo 
uſed, and conſidered as ſo many luminous points 
fixed in the concavity of a ſphere, whoſe radius is 
indefinite, and of which the obſerver's eye is the 
center. We: may learn from hence the neceſſity 
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UWP an exact catalogue of the ſtars, and * 


of A their poſitions with accuracy and 
With ſuch a e the n an 


auen ben 


Abe to thoſe UN are 1 with 
* nature of celeſtial obſervation, it might at 
firſt ſight appear almoſt impoſſible to number the 
ſtars; yet their relative ſituations have been ſo 
carefully obſerved by aſtronomers, that they have 
not only been numbered, but even their places in 
the heavens have been aſcertained with greater 
accuracy, than the relative ſituation of moſt 
omg on the ſurface of the earth, 


The greateſt be of tis that are viſible to 
the naked eye, may be ſeen in a winter's night, 
when the air is clear, and no moon appears. But 
even then, a good eye can ſcarce diſtinguiſh more 
- than one thouſand at a time in the viſible hemi- 
| ſphere: for though on ſuch a night they appear 
to be almoſt innumerable, this appearance is a 
deception, that ariſes from our viewing them in a 
tranſient and confuſed manner; whereas, if we 
view them diſtinctly, and only conſider a ſmall 
portion of the heavens at a time, and after' ſome 
attention to the ſituation of the remarkable ſtars 
contained in that portion, begin to count, we 
| ſhall 
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ſhall be furprized at the ſmallneſs of their num- 
ber, and the eaſe with which they may be 


Hipparchus, the Rhodian, about an hundred 
and twenty years before the birth of Chriſt, was 
rhe firſt among the Greeks who reduced the ſtars. 
into a catalogue; daring, according to Pliny, 
« to undertake a thing, which ſeemed to ſurpaſs 
the power of a divinity ; that is, to number the 
ſtars for poſterity, and to reduce them into order; 
havingcontrived inſtruments, by which he marked 
the place and magnitude of each ſtar. So that by 
theſe means we can eaſily diſcover, not only 
whether any of the ſtars periſh, and others grow 
up, but alſo whether they move, and if fo, the 
direction of their motion, whether they increaſe | 


or diminiſh ; thus putting rr. th in roles. 
28 i were, , of the heavens.” 


be Seven aſtronomers have followed Hipparchus 
in the ſame arduous undertaking. In 1603, 
J. Bayer publiſhed celeſtial charts of all the 
known conſtellations, and of the viſible ftars of 
which they are compoſed. In theſe charts every 
ſtar is diſtinguiſhed by a letter. The largeſt ſtar 
in the conſtellation is marked with the firſt letter 
of the Greek alphabet; the next in apparent ſize 


is 
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is marked with the ſecond letter, and ſoc on. * 11 
there are more ſtars in the conſtellation than there 
are letters in the Greek alphabet, he marks the 
ee with the letters of the Roman 8 


" has e with the laces 4 
Pa Greek or Roman alphabet, it. is always with 
the additional name of the conſtellation to which 

it belongs; and thus to thoſe who are acquainted 
vith the figures of the conſtellations, and with the 
catalogue of fixed ſtars, it becomes as determinate 
a a denomination, as if the ſtar was called by a 
proper name, and the ſame purpoſe is anſwered 
in a more familiar manner, and with, leſs n | 
_ the memory. | 


F The n of the ancient WAY was 
48; in theſe were included. 1022 ſtars. Many 
conſtellations have been added by modern aſtrono- 
mers ; ſo that the catalogues of Flamſtead and 
De la Caille, when added together, are found to 
contain near five thouſand ſtars. The names of 
_ - the conſtellations, their ſituation in the heavens, 

with other particulars, are beſt learned by ſtudy- 

ing the artificial repreſentation of the n. A 

. celeſtial * 


1 
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The 88 of a ſenſible n 
naked eye, becauſe the retina is not only affected 
by the rays, of light. which are emitted directly 
from them, but by many thouſand more, which, 
p falling: upon-our.eye-lids, and upon the viſible 
aerial particles about us, are reflected into our 
eyes ſo ſtrongly, as to excite vibrations, not 
only in thoſe points of the retina, where the real 
images of the ſtars are ſormed, but alſo in other 
parts round about it. This makes us imagine 
the ſtars to be much bigger, than they would-be 
if we ſaw them only by the few rays which come 
directly from them to our eyes, without being 
ſenſible of chis, by looking at a tar of the firſt 
magnitude, through a long narrow tube; which, 
though it takes in as much of the ſky as would 
Pee eee unte rndan that 
one vie. . | 1 * 


The . of the ſtars alway infinitely ex- 
ceeds what we have yet been ſpeaking of. An 
ordinary teleſcope will diſcover, in ſeveral parts of 
the heavens; ten times as many ſtars as are viſible 
to the naked eye. Hooke, in his Mictographia, 
ſays, that with a teleſcope of twelve feet he diſ- 
covered ſeventy-ei ght ſtars among the pleiades, 
ang with a more pra teleſcope, many more. 

Galileo 


bd 
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Galileo reckeved eighty inthe page besos ihe 


belt and the ſword of Orion, and above five 


hundred more in another part of the ſame conſtel- 


lation, within the compaſs of one or two degrees | 
* ſquare, Antonia Maria de Rheita counted in 


the ſame conſtellation above two thouſand ftars. 
Future improvements in teleſcopes may enable 


us to diſcover numberleſs ſtars that are now in- 


viſible ; and many more there may be, which are 


too remote to be ſeen through teleſcopes, even 


ven they have received their ultimate improve 


ment. Dr. Herſchel, to -whoſe ingenuity and 
aſſiduity the aftronomical world is ſo much in- 
debted, and of whoſe diſcoveries we ſhall ſpeak 


more largely in another part of this eſſay, has 


evinced what great diſcoveries may be made by 
improvements in the inſtruments of obſervation. 
In ſpeaking here of his diſcoveries, I ſhall uſe the 
words of M. de la Lande.* In paſſing rapidly 
over the heavens with his new teleſcope, the uni- 
verſe increaſed under his eye; 44000 ſtars, ſeen 


in the ſpace of a few degrees, ſeemed to indicate 


that there were ſeventy-five millions in the 
heavens. But what are all theſe, when com- 


pared to thoſe that fill the whole expanſe, the 


"R 3 de Academic de 7s Dro, 1156. _ 
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boundleſs fields uf ether "indeed, hd is by, 
of 'the- univerſe muſt contain —— as 
 wobld-exceed the utrhoſt ſtretch of the human 
— innigihation,”'| For who can ſay, how far the uni- 
verſe entenda, or where are the limits of it? 
where the Creator ſtayed © his ere or 
ene 
Or ras Pu as ene mon vue Son. : 
* N 
e eee eee | 
knowledge of the fixed ſtars, will now apply him- 
ſelf to: conſider the planets: theſe, as we have 
already obſerved, he will ſoon diſtinguiſh, by their 
motion, from the fixed ſtars; the ftars always 
remaining in their places, but the planets would 
be ſeen paſſing by them with unequal velocities. 
Thus on obſerving the earth, for inſtance, he 
will find it moving among the fixed ſtars, and 
approaching nearer and nearer to the more 
eaſtern ones; in a year's time it will complete it's 
„ aeg er p IO a8. pu 


He will and even of theſe bodies which re- 
volve. round the ſun, to each of which he will 
aſſign a name, calling the ſwifteſt Mencunr, de- 
nominating the others in order, according to 


| ds the Exaru, and 


"aſter= 


- * 
* xt 
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| afterwards: lang, ures Suronx, and the ; 
woo ns 5 


en 4% 
SLE 7 ‚ ty 5 
. e 9 i 
and examining che heavens, be will pererive 
that the earth is always accompanied by a ſmall 
ſtar, Jupiter by four, Saturn by five, and the 
Georgium Sidus by two: theſe ſometimes pre- 
cede, at others ſollow; now paſs before, and 
then behind the planets they reſpectively attend. 
Theſe ſmall bodies he will mens ' SECONDARY 
eraum, unn or MOONS. 


| The n xg e the: an as 
when each planet paſſes over ſome fixed ſtar, and 
their return to the ſame ſtar again, will find the 
times elapſing between each ſucceſſtve return of 
the ſame planet to the ſame ſtar, to be equal; 
and he would ſay, that the ſeveral planets 
deſcribe circles in different periods; but that 
each of them always completes it's own circle in 
the lame _ of time. 


He vin e charm that Sena 
7 18 which at their firſt appearance are fmall, 
_ obſcure, ill-· defined, and that move very flow, 
; 2 whick ee — in magnitude. 
5 W 


light, end velocity, until they arrive at à certain 


Ge, hen they Joſe. theſe properties, and di- 
miniſh in the ſame manner as they before aug- 


mented; and at laſt diſapprar- To thaſe bodies, 


which he will find in all 'che regions of the he- 


vens, moving in different e v 
give the name of cours. 


o Tur . or THE un. ED 


Our 1 will take notice, that che * | 


run ſucceſſively through thoſe conſtellations 
which he has denominated, Aries, Taurus, 


Gemini, Cancer, Leo, Virgo, Libra, Scorpio, 
Sagittarius, Capricornus, Aquarius, Piſces ; and 
that they never move out of a certain ſpace, or 


zune, of the * which he will call the 
ZODIAC, | 7 


He vil We . 
that the orbits of the planers are not all in the 
fame: plane, but that they croſs each other in 


different parts of the heavens ; ſo that if he 
makes the orbit of any planet a ſtandard, and 


conſiders it as having no  obliquity, he would 
judge the paths of all the reſt to be inclined to it ; 
each planet having one half of it's path on one 


55 * and the ä the oppoſite fide of 


* 2 the 
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AA pit; or orbit. Aide 
rally aſſume the earth's orbit, as the ſtandard 


hers, and call it the zcuryTIc. The points 
"where the orbits ner each EY are 8 
the woes. ee 


be bee bf che/arfitis © other, 
may be rendered more familiar to the imagina- 
tion,* by taking as many hoops as there are 
Planets, with a wire thruſt through each, and 
thereby joined to that hoop which reprefents the 
ecliptic ; the other hoops may be then ſet more 
or lefs obliquely, | to the Ronan ne of the 

| ecliptic. OR | . 3 


1 he ſeveral orbits do not ie or interſeft the ; 
ecliptic in the ſame point, or at the ſame angles; 
but their nodes, 3 are at different 
ä * of the * ie | 


1 ſhould, however, be obſerved here, that in 
Tpeaking of the orbits of the planets, nothing 
more is meant by this term, than the paths they 
paſs through in the open ſpace in which they 
move, and in which they are retained by a ce- 
leſtial but continuous 5 Ann. ; | 


2 


th 


e br. Watts's Aſtronomy. 


\ 
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1 e OM Lonfdaing; with a 2 
the ſurface of the primary planets, our ſolar ob- 
ſerver will find, that ſome parts, or srors, are 


more obſcure than others. By continued obſer- 
vation he will find, that theſe ſpots change their 
places, and move from one ſide of the planet to 
the other; then diſappear for a certain ſpace 
of time; after: which, they again, for a while, 
become viſible on the ſide where they were firſt 
ſeen, always OT NR _ motion n 

in an a manner. 


The diſtance bn ahi ks grows apa 
they advance from the edge towards the middle 
of the planet, and then grows narrow again as 
they paſs from the middle to the other edge. The 
time they are ſeen on the planet's diſk, is ſome- 
* leſs than the time of their Ae ee 5 

{thi theſe e e LATE, . will 3 | 
fiſt, that theſe ſpots adhere to the body of the 
planet; and that each planet is a globe turning on 
it's axis, and has conſequently two motions, one 
whereby it is moved round it's axis in a ſhort' 
time, the other by which it revolves round the 
N 3 ſun. 


— 
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ſun. Theſe motions may be eaſily conceived, 

by only imagining, ſmall ball to roll round «| 
large ſphere. The firſt of theſe motions, or that 
ofa planet round it's axis, is called the DIURSAL 
MOTION ; and the fecond, or it's revolution rund 
1 _ is e the e MOTION. .. + $50 2% 


xt * ine ener nid bis 
pupil the foregoing heliocentric phænomena, by 
plate I. fig. 1, of the ſolar ſyſtem; or ſtill much 
better, by means of a planetarium : for by ſups- 
poſing himſelf on the braſs ball which repreſents 
the ſun, he will ſee that all the planets move 
round him in beautiful and harmonious: order; 
on account of their diſtance, he will refer 

- their, motions: to the fixed. ſlars; he will ſeg 
' how readily the periods of their revolutions are 
diſcovered, by obſerving the time that elapſes 
between their ſetting out from any ſixed point, 
or ſtar, and their returning to the ſame again, 
He will alſo ſee, that if the paths of the planets 
were in one plane, as in the inſtrument, they 
would all be COD to one ee in = 
heavens. 


9 2 


When "th 3 Ames e * | 
tutor may then proceed to ſnew him that theſe. 
motions, which are ſo regular when! viewed from 
Hl | „ the 
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| che Tin en derten and perplennd en 
viewed from the earth; and infer from thence, 
that: whenever we- © examine the works of the 
Deity at a proper point of diſtance, ſo as to take 
in the whole of his defign, we ſee nothing but 
uniformity, beauty, and preciſion.” Thus the 
heavens preſent us with a plan, which, though 
inexpreſſibly magnificent, is yet regular beyond 
the power of invention. 


„ͤßͤDð ß MIOAY 
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— 


9 THR kamen.. r THE. ; Hravans, as 
Farah FROM THE Earth, 


” 


% 1 p 
4 11 A 1 14 {\ Fry #2 
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IH E various appearances es of the celeſtial 
bodies, as ſeen from the earth, are the 
fats which lay the foundation of all aſtronomical 
knowledge. To account for, and explain them, 

is it's principal buſineſs: a true, idea of theſe 
phænomena is therefore 2 neceſſary ſtep to 4 
knowledge of aſtronomy.” | 


y % 4 324 3 * 


or Taz aryazexr Morton or ruf Sox, = 


The firſt and moſt abvjous phænomenon is 
the daily riſing of the ſun in the eaſt, and his 
ſetting in the weſt; after which the moon and 
ſtars appear, ſtill keeping the fame weſterly 
courſe, till we loſe ſight of them altogether. 


A SG OR 1 
% , | f : L 
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This cannot be long obſerved, before we muſt 


alſo perceive, that neither the ſun nor moon 
always riſe exzctly at the ſame point of the 


heavens. If we commence our obſervations of 
the ſun, for inſtance, in the beginning of March, 


we ſhall find him appear to riſe more to the 


northward every day, to continue longer above 


the horizon, to be more vertical, or higher, at 
mid-day ; this continues till towards the end of 
June, when he moves backward in the fartie 
manner, and continues this retrograde motion 
till near the end of December, when! it begins to. 
move forwards, and ſo on.” nnn 
GE 29932 © 7&4 e 
It is this change. | in the ſyn' 8 e e 
| fions him to riſe and ſet in different parts of the 


horizon, at different times of the year. "It is 
from hence that his height i is 0 much greater in 


ſummer, than in winter. In à Word, the change 
of the ſun's place in the, heavens is the cauſe of 


the different length in the days and nights, and 
the viciſſitudes obrhe ſeaſons. PLN, Som, 36h 


a , 4.7 * 
24034 * ZL 


1 the 83 of OE ſun 5 apparent motion | 


is of great importance, and a proper conception 


of it abſolutely neceſſary, in order to form a true 


idea of the phænomena of the heavens, the reader 
will excuſe my dwelling ſomething longer upon 
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4.) 


MEI C0 EI ai | 
ſtar near the place where che ſun ſete, and obſerve | 
it for ſeveral ſucceflive evenings, we ſhall find 
| that it approaches the ſun from day to day, till 
at laſt it will "diſappear, being effaced by his 
light, though but a few days beſore it was at a 
ſufficient diſtance from him. That it is the ſun 
which approaches the ſtars, and not che ſtars the 
ſun; is plain, for this reaſon; the ſtars always | 
horizon, oppoſite to the ſame terreſtrial objects, 


other; whereas the ſun is continually changing 
both the place eee er eee pe 
diſtance from the ſtars. - | 


we Wade nds ie 
moving from weſt to caſt ; ſo that in 365 days 
we ſee the ſame ſtar near the ſetting ſun, as was 
obſerved to be near him on the ſame day inthe 
preceding year. In other words, the ſun has re- 
turned to the place from whence he ſet . or 
made what ve call his annual revolution. | 


We att indeed As 8 
among che fixed ſtars immediately, on of 
the brightneſs of his light, which prevents our 


ſeeing thoſe ſtars that are in his neighbourhood ; 


and are always at the ſume diſtance from each = 
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cames to the {ame meridian, - at the ſame tim, 
that point of the ſtarry: heavens thus diſcoyered. 
- which comes to the meridian at midnight, with 
a declination as far from the equator on one fide, 
as the ſun's is on the other fide ; and it is evident, 
wich is diametrically oppoſite to this point. By 
either of theſe methods we can aſcertain a ſeries of 
paints in the heaven, through which the ſun 
os, Nerds a circle called the ee Ji 


Or THE : APPARENT Puno or THE + Moow 


. ee eee . 
| 8 her appearance therein, are ſtill more re- 
markable than thoſe of the ſun. k 


| At 8 when tbe bunt hs 
_ viſible, ſhe is ſeen in the weſtern part of the 
heavens, at no great diſtance from the ſun, She 


-< = Shout his dakciaan of he tits with 
that given in page 19, un. ED 


* 
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dei W remis ta a2 
greater diſtance from the ſun, till at laſt ſhe ap- 
pears in the eaſtern part of the horizon, when 
the ſun is diſappearing in the weſtern. After 
ſhe gradually removes further and further 
9 till at laſt ſhe ſeems to approach the 
fun as nearly in the caſt as ſhe did beſore in the 
welt, and riſes a little before him in the morning: 
whereas in che firſt part of her courſe ſhe fer in 
the weſt, long after him. All cheledifferent ap- 
pearances happen in the ſpace of a month ; after 
eee ee eee 


There is e e in theſe 
appearances, particularly in harveſt-time, when 
the moon appears for ſeveral days to be ſtationary 
diſtance from the ſun; in conſequence of which, 
ſhe riſes at that ſeaſon of the year mA" at the | 
ſame hour a e v 


Or THE APPARENT "Fg OF THE STARS. 

„ is obſerved that 
ſome among them have the ſingular property of 
ncither riſing in the caſt, nor ſetting in the weſt ; 
but ſeem to un Tone one en eee 
; f 1 . FO n near 
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"Sp; A PRA 
elevated than thoſe of Barbary. By continually 
travelling ſouthward, we ſhould at laſt ſee-the 
pole ſtar depreſſed to the horizon, and the other 


TY 
en ran. Pract $f 5 

W 
eee eee eee 
Thus to the inhabitants of Lapland it is much 
more vertical, or elevated n the — 


3 


pole would. appear in the ſouth part of the 


| horizon, round which the ſtars in that part 


would revolve. There is, however, no ſtar in 


| the ſouthern herniſphere ſo near the pole, as that 


in the northern hemiſphere. Suppoſing us ſtill to 
travel ſouthward, the north pole would entirely 


| diſappear, [and the whole hemiſphere would 


ſcem to turn round a ſingle point in the ſouth, as 
the northern hemiſphere om to turn rouny 
the * ſtar. 


The general a appearance, 1 | 
ſtarry heavens, is that of a vaſt concave ſphere 


turning round two fixed points (diametrically 
oppoſite to each other, the one in the north, the 


other in the ſouth) once in twenty-four hours. 
; 1 Hence 
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nee h Wa the ſtars, though they keep 
Sh ſame relative places with reſpect to each 


other, yet change their ſituation very ſenſibly _ 
with reſpect to the horizon; ſome riſing 
above, others deſcending below it; ſome that 


were inviſible, now becoming viſible ; while, on 
the other hand, many are diſappearing. Some 
never deſcend below the horizon; although as 
they turn round, they are ſometimes nearer to, at 
others further from it, deſcribing whole circles 


about a point above it. If the obſerver turns 


himſelf round, he will find ſome ſtars riſe only 


as it were to ſet again; many er — 


in "a others gps, er ones. 
| Tx HE mne or THE her ia 


Beſides the fixed Mick: there. are dis bodies 
in the heavens, which are continually changing 
their places, both with reſpe& to the ſtars, and 
one another; theſe are called PLANE Ts. 


They move among the ſigns of the zodiac, 


never Ms Mt far from the ecliptic. 


Their apparent motion ĩs very ee ca 
fuſed, and perplexed ; ſometimes they appear as 


on going 


| 33 


*. 
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going forwards, ſometimes backwards wd + at 
Mn are e 93G ie eee 


— 


| 8 emits a begeh his we x 
keeps ſo near the ſun, that he is very ſeldom 
viſible; and when he does make his appearance, 
his motion towards the ſun is ſo ſwift, that he 
can only be diſcerned for a ſhort time. He 
appears a little after. ſun-ſet, and n a little 
before ſun-riſe. 
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8 1 the moſt beautiful ſtar in the heavens, 
known by the names of the morning and even- 
ing ſtar. She alſo, like Mercury, keeps near 
the ſun, though ſhe recedes from him much 
further. She, like him, is never ſeen. in the 
eaſtern quarter of the heavens, when the ſun is 
in the weſtern ; but always either attends him in 
the evening, or ies notice of his approach 1 wp 
the morning. 


* 


— — 


Maxs is of a red fiery colour, giving a much 
duller light than Venus, though he ſometimes 
appears almoſt equal to her in fize. 8 He is not 

ſubject to the ſame limitations in his motions as 
Venus and Mercury, but appears ſometimes very 
near the lane: at others at a en diflance from 
him, 


— —— — — — —— ———— 
* 


* 


— 
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him, riſing wha the n Toes; or a when 
nn 


* 
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4 UPITER FR Savvis likewiſe often appear at 
preat diſtances from the ſun. The former ſhines 
with a bright light; the latter with a pale faint 
one. The motion of Saturn among the fixed 
ſtars is ſo flow, that unleſs carefully obſerved, 
and that for ſome time, he will not be thought to 
move at all. 


The Ben ara Sious cannot be perceived 
without the aſſiſtance of a teleſcope. 


From the preceding ii any perſon 
may eaſily learn to diſtinguiſh all the planets. If 
after ſun-ſet he ſees a planet nearer the eaſt than 
the weſt; he may conclude that it is neithet 
Mercury nor Venus; and may determine whethet 
it is Saturn, Jupiter, or Mars, by the colour and 
light; by which, alſo, he may diſtinguiſh bes 
tween Venus and Mercury. 


That the light of each planet has it's peculiar 
tinge; and that there are certain fixed ſtars that 
have the ſame tints, was known to the Chal- 
deans. It is an obſervation beſt verified inthoſe 
countties, where the air is cleateſt, Ert 
. Be des 
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| Beſides the motions which we obſerve 1 in all 
the planets, their apparent magnitudes are very - 


different, at different times. Every one muſt 


have obſerved, that Venus, though ſhe conſtantly 
appears with great ſplendor, is not always of the 
ſame ſize ; but this difference of magnitude is 


moſt conſpicuous in Mars, it is remarkable in 


Jupiter, but leſs ſo in Saturn and Mercury. 


The only phznomena viſible to the unaſſiſted 


_ ſight, beſides thoſe already deſcribed, are thoſe 


unexpected obſcurations of the ſun and moon, 


called clips ks, of which we ſhall hereafter ſpeak 


more Particular y. 


We have now Adel thoſe lice, 
which are the moſt ſtriking to eyery perſon who 
has paid the leaſt attention to what is paſſing over 
his head. The tutor would do well in this place, 
to bring his pupil acquainted with theſe appear- 
ances, and then to explain them to him by the 
globe, or ſome other inſtrument. It would not 
be amiſs, if he were now to inſtruct him by 
practical obſervations, and ſhew him, by a ſmall 
quadrant, how to meaſure the elevation of the 
ſtars, &c. always remembering that young 
minds are ever active in ſearch of impreſſions 


| from external objects; and that theſe. are more 


5 - permanent 
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? 


permanent than thoſe made by words in the 
former the mind energizes, and is brought into 


action; in the latter, it is in a ** degree 
paſſive. 
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Or THz CoPernICan, Ok SOLAR SySTEN, 


FTER having ftated what would be the. 
appearances of the heavenly bodies, if we 
were placed at the center of the ſyſtem; and then 
given a general view of their phznomena, as ſeen | 
from the earth; it will now be proper to ſhey - 
how the irregularities that are diſcovered in one 
ſituation, are to be reconciled with the harmony 
and order that would be viſible if they were to be 
ſcen from the other; or in other words, to ſhew 
why the motions of the planets appear to us ſo 
different en what hey . are. N 


One of the ends for which: man was formed, „ 
is to corrett appearances and errors, by the in- 
veſtigation of truth: whoever conſiders him 
attentively, from e to manhood, and from 

manhood 
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manhood to old age, will find him ever buſy in 
endeavouring to attain ſome reality, to ſupply 
the place of the falſe appearances, by which he 
bas hitherto been deceived. * 


It is the buſineſs of the prefent part of this 
| eſſay, to correct the errors ariſing from appear- 
ances, and to point out truth by a brief detail of 
the principal parts of the Copernican ſyſtem, 
which is now univerſally received, becauſe: it 
rationally accounts for, and accords with the 
PRION of the beugen, 


A 
I 9 
1 
« * & 


We En At 3 8 5 the 
ſupreme diſpenſer of every good gift to reſtore 
light to a bewildered world, and more particu- 
larly to manifeſt his wiſdom in the ſimplicity, as 
well as in the. grandeur of his works, he opened 
the glorious fcene with à reviyal of ſound 
aſtronomy ;''* and raiſed up Copernicus to diſ- 
pel the darkneſs in which it was then involved. 


The Copernican ſyſtem conſiſts of the ſun, 
ſeven primary, twelve n n and the 


comets. 


% 


The 


= Pringle's Six Diſcourſes ta the Royal Society. 
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The ſeven Phnetg Mercury, Venus, the | 
Earth, Mars, Jupiter, Saturn, and the Georgium 
Sidus, move round the fun, o i in orbits included 
one within the other, and in the order here uſed 
in mentioning their names, Mercury av, my 
id SRP To "RA 


1 


Tbeſe Md: which revalve round he fun” as 
their center, are called PRIMARY PLANETS. 


The twelve fmall planets WE round 18 
primary ones as a center, and are at the ſame 
time carried round the ſun with them; they are 
therefore called 8ECONDARY e en of 
SATELLITES, | 


The n Sidus is attended by two „ ; 
moons, Saturn by five, Jupiter by four, and oe: 
Earth by one; all of theſe, excepting the laſt, are 
IN account of the ſmallneſs of their 

eatneſs of their diſtance from us. 


Mercury 1 being within the Earth's 
orbit, are called 1nrzRtor PLANETS ; but Mars, 
| es Te 

* The ſun is not abſolutely at reſt, being ſubje& to a 


{mall degree of motion, We 
an allxongmy, 


* 


| 44 hep tate. 


50 N Saturn, and the Georgians e 
5 hen it, * en te eee defy 


| The athich of all 5 3 are eellipiical ; pron 
as the principal phænomena of the Copernican 
ſyſtem may be ſatisfactorily illuſtrated; by con- 
ſidering them as circular, the latter ſuppoſition 
is uſually adopted in giving a general idea of the 
diſpoſition and motion of the heavenly bodies. 


It is clear, from a great variety of proofs, that 
the aſtronomers of antiquity were acquainted 
with the true ſolar ſyſtem, as revived by Coper- 
nicus. It was the univerſal doctrine of the 
Pythagorean ſchool, and is clearly marked out ag 
ſuch by Ariſtotle: for theſe, ſays he, aſſert that 
fire is in the midſt of the world, and that the 
earth is one of the heavenly bodies. He aſter- 
wards ſpeaks of a ſet of men, who held a ſyſtem 
eſſentially ſimilar to that of the modern ſemity- 
chonic. Eudemus, in his hiſtory of aſtronomy, 
as cited by Anatolius, ſays, that Anaximander 
was the firſt who diſcovered the earth to be one 


of the heavenly bodies, and to move round the 
center of the world. Ariſtarchus held that the 
earth is carried round the ſun, in the circum- 
ference of a circle, of which the ſun itſelf is the 
center; and chat the ſphere of the fired ſtars is ſo 
immenſe, 


immenſe, that the circle of che earth's annual 


orbit bears nd greater proportion to it, than the 
center of any ſphere bears to it's whole ſurface; 
Philolaus, and others, declared the motion f 
the ſun, round about the earth, to be only appa- 


rent: | They ſaw and felt the importance of his 
globe over ours, and ſuppoſing it's influence to 
extend to much larger bounds than that of the 


earth, they placed it in the center of the univerſe. 
Among the Romans, we find that Numa built a 
temple to repreſent, as Plutarch interprets it,* 
the ſyſtem of the heavens, with a ſacred fire in 
the center of it. Thus alſo in the Jewiſh taber- 
nacle, the ſeven lights had a reference to the 
ſeven chief lights of the heavens. Hence alfo 
the heavens are called in ſacred writ the taber- 


nacle of the ſun; the whole of our ſyſtem 


dwelling within his influence. The foregoing 
citations are, we preſume, ſufficient to ſhew that 
the ancients were not ignorant of the true ſolar 
ſyſtem. © Thoſe that want further information on 
this head, may conſult the notes to Sydenham's 
tranſlation of the Rivals of Plato,  Duten' s inqui- 


a i | 


Plutarch in Vita Numa. - 

+ Focum Veſtæ virginibus colendum dedit, ur av sint. 
| LITUDINEM COLESTIUM SIDERUM Cuſtos imperii * 
' vigilaret, Flor. Hiſt, 


4 1 AL- ne 


les into dhe origin of the diſcoveries attributed 
to the moderns; Jones's eſſay on the firſt prin- 
ciples of natural philoſopby ; Baillie hiſtoire de 
Yaſtronomie-ancienne. But laying theſe authori- 
ties aſide; there are direct proofs to ſhew; that the 
moſt ancient ſages could not be ignorant of the 
uue ſyſtem ; a however, mult be left ny 

2 occaſion. 6 | 


We are greatly indebted to Copertijeva for the 
revival of this ſyſtem; and being bold enough to 
avow it, though it was entirely oppoſed to the 


1 prejudices of the age he lived in. In praiſing of 


Copernicus, let us not, however, endeavour tb 
do away the well-carned fame of Piolemy; his 
ſyſtem, though erroneous, was ingenious ; with 
it the world was content for many ages: It was 
then conſidered as founded upon invincible dea 
monſtration, as a Jacred truth, that could not be 
weakened by the powers of controverſy, . or 
ſhaken by the fluctuations of opinion. ( Being in 
poſſeſſion of higher truth, we ſhould not ſpeak 


o#2 -degradingly of thoſe who preceded us. JIf the 


ground we ſtand on be firm, it will not need ſup⸗ 
port from the empty boaſtings of declamation, 
the authority of names, or the contemptuous 
neers of an affected diſdain : the writings of 
nederh philoſophers furniſh but too many inſtan« 
Cys, | : : ces 
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al at bo Le as 
fine the idea of bigotry to the ſuperſtitious zealots 
of religion; for he will find as much attachment ; 
to trifles, as much blind prejudice, and as little Frog, 
love to truth for truth's ſake, among thoſe who 1 
are called philoſophers, as among the _ in- 
vous ſectarians, or the mile _ 5 

by” * en js _ to „ diſtinguiſh 
che different degrees of evidence, of which each 
ſubje& is capable; but above all, let him ſtudi= | . 
ouſly avoid the improper conjunction of the de- 8 9 2 


monſtrative evidence of one ſcience, with the 
bare probability, or unfounded aſſertions in 

another; leſt, like thoſe who have gone before 
him, he ſhould call that demonſtrated, which is 75 
often not even ere | 


Before we enter into a Sian of hs 
ſyſtem, it may be neceſſary to define what is 
meant by the axis of a planet; left the pupil 
ſhould conceive them to turn on ſuch material 
axes, as are uſed in the machines which are con- 
rived to repreſent the planetary ſyſtem. 

| | The . 
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nn A PLANET is a W | 


3 through it's center, and about which it 
continually turns, in the courſe of it's revolution 
round the ſun: the extremities of this line ter- 
mimte in oppoſite points of the ſurface of the 
planet, and are called it's PoLEs; that which 
points towards the northern part of the heaven, 
is called the vox rH POLE; that which n to- 
ON the ſabe, he sour rs. FF, 


Tx J 1. 2 8 


A ball whidled 900 "Y hand its open air, 


turns round upon a line within itſelf, while 


it is moving forward; ſuch a line as this i is meant, 
a ma we gu een e en * wa 
omg I, m6 1 an the 2206/47, 
wherein © denotes the ſun ; A B the circle which 
the neareſt planet, Mercury, deſcribes in moving 


round it; CD that in which Venus moves; FG 


the orbit of the earth; HK that of Mars; IN 
that of Jupiter; OP that of Saturn; and QR 
that of the Georgiom pes. oy this are Ethe 
ere 8 | | 
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The fun ws the phon are ebene ex- 
vreſſed by marks or charafiters, inſtead of writing 
9 at hens, oof The CARRY” are as 


follow: 


ke kt A IE IN he 
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The ſum isl the center of the ſyſtem; 
which the-peſt bf the planets revolve; It is the 
firſt and greateſt object of aſtronomical know- 
ledge, and is alone enough to ſtamp a value on 
the ſcience; to which the ftudy of it belongs. 
e WA Down: ag. As. CPE Ny . to 
t The fun is ihe patent of the ſeaſons ; day and ; 
night, ſummer and winter, are among it's ſur- 
prizing effects. All the vegetable creation are 
the offspring” of-it's' beams; our own lives are 

ſupported by it's inſluence. Nature revives, and 
puts on a new face, when it approaches nearer to 
us in ſpring : and ſinks into a eg 
e 1 
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Hense it was, wich propriety, called by che 
ancients coR ei, the heart of heaven ; for as nde 
heart is the center of the animal ſyſtem, ſo is the 
ſun the center of our univerſe. As the heart is the 
fountain of the blood, and the center of heat and 
motion; ſo is the ſun the life and beat of. the 
world, and the firſt mover of the mundane 
blem. : Whenthe heart ceales to beat, the Cit 
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" The en i placed near; ee e 
of all the planets, and turns round his axis in 


* twenty-five days. It is i to the ecliptic i in 


— — oy A — —— — 
1 Commer. * r - 
* 7 9 — 2 
” - * Es J 
” : ” p : t 
* 7 


| y ＋ 72 | i an angle Nane ene 8 "Ws 75 Hh IP | 

4 65 Thoſe . are — 1 10 Wie | 
; | | on, will be ſurprized at the, real, magni- 
: tude of this luminary; which, on account of it's 0 

c : diſtance from us, appears to the eye Not much C0 
; larger than the moon, which is only an attendant . 
5 on this earth. When looking at the ſun, ſo 


2 „ they are viewing a globe, whoſe diameter 15 

390 000 Engliſh miles, whoſe ſurface contains 
Fa 2,488,461,360,000 {quare, miles, . whereas, the Bill b, 
earth is not more in diameter than 7950.miles: fo 

- ww mat the ſun s about 1,392, 500. times bigger than 
. the earth. It is reckoned to be 5394 times bigger 
A | than all the planets put together. Thus as it is 
the fountain of light and heat to all the Planets 
ſo i it alſo far Py them in it's bulk. 
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ſame reaſon t 


diſtance, this difference 


hen they are at the center, 


han wher 88 1 
n they ac near the limb. They are feen 
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noir fry, ol 
Þpcar of that figure to our eyes: for as a flat 
circular piece of board, when it is properly | 
nting, vill look Hke a ſpherical | 
pherical body appears of it's true 
if the ſphere is at a great | 
of ſhading cannot be 
conſequently the ſphere 
it's true ſhape; 


77 tn 
from eaſt to weſt; their . 
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they reach —————— dap. 
ſame time that they continued viſible, they will 


appear again as at firſt. By this motion, ve diſ- 
cover not only the time the ſyn employs in turn- 


eee ; HE gdh; 


hw) periods, when the ſun bas wanted of its 


face being at thoſe: times covered with ſpots. 
nen were much la 


n a 4 * N a 


pear z, and; after. they have lain hid about the 


ing round his axis, but alſo che i 


V of it's 


e et eee een 


* ns of hiflory N that there have 


accuſtomed brightneſs, ſhone with. a, dim and 
obſcure light for the ſpace of a whole year. Thi 
obſcurity has been ſuppoſed to ariſe from his ſur- 


"96 1 G i vhs 974% 929 be | 
rue fun i is No to 1 e ˖ 
round it, which occaſions that appearance which Wi ; 

is termed the ZODLACAL LIGHT: This light i: WM ; 
ſieen at fone. ſeaſons, of the year, either a little I N 
after ſun-ſet, or a little before ſun- riſe. It i = 
faintly. bright, and of #\ whitiſh. colour, reſe-Bf ,, 

5 bling the milky ay. In the morning it becomes ol 
brighter and larger, as it riſes above the horizon, 1 


till che e of ey, which diminiſhes it“ 
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33 
clinarduded: ande n taſb-inviſibles Its 
figute is that of 2 r 
(cen in profile. The directiun of-it's longer axis 

| v the plane of the ſunꝰs equator. But 
it's length is ſubject to great variation, ſo that 
the diſtance of it's ſummit from the ſun, varies 
from 45 to 120 degrees. It is ſeen to the beſt 
advantage about the ſolſtices. It was firſt de- 
ſeribed and named by Caſſini, in 16833 it was 
noticed by Mr. Childrey, about the year 1650. 
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oben the wha: Mercury is the leaſt; at the 
ſame time, it is that which is neareſt the ſun. 
It — proximity to this globe of light, 
that he ĩs ſo ſoldom within · the ſphere of our ob- 
ſervation, being loſt in the ſplendor of the ſolar 
brightneſs: It is oſtener ſeen in thoſe parts of the \ 
world, which are more ſouthwerd than that 
which we inhabit; and oftener to us than to thoſe 
who live nearer the north pole; for the more 
oblique the ſphere is, the leſs is the Enes S eſe⸗ l 


tion Wag nen e. 
$4: ‚ mec LDCRIOE:: 
ES 5 . By Mercury 


130 tion, or diſtance, from the ſun, is called it's 


ee — ep ſepara- 


"$ ZLONGATION. Hiz'greateſt 0 elongation is little 
more than twenty-eight degrees, or about 2s far 
 as-ithe moon appears to be from the ſun, the 
„ re e 0 
ene. e 4 8: 25 $85 Are bene en 
n x £15? 5 1 1 1 
3 is e to bl at 20 5 7460 
miles from the ſun; and to revolve round bim in 
87 days, 231 hours, which is the meaſure of it's 
year, about one-fourth of our's. As from the 
know the time it revolves round it's axis, nor the 
inclination of that axis to the plane of it's otbit, 
day and night, or the variety of ſeaſons it may be 
liable to. Mercury is 3000 miles in diameter, 
and therefore contains in ſurface 28,274,400 
ſquare miles. Large as Mercury, when thus 


cConſigered, appenm to be, it is but an atom, 
ot eee COT OR i 
dean OE a ff 
as is 1 to ama 
109,699 % miles per hour. The ſun is 
% Set Og ant 26, 
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bel cimes aig as Mercury; fotha ix ijt 
would appear iq nearly” 
three times larger than it does tous; andit's diſk, 
or fate abo ſeven times the ſize we ſee it. As 
eee es. des asd their 
— re in ren to the 
ſun, 'wilkſhine: with full orbs, and d bril- | 


mim to the Mercurian ſpectator. 


Menon like Gene Gade it's * 
according to it's ſeveral poſitions with reſpect to 
ther ad. en ine never appears Joe 
eee Nabi, an en." 


be is ſo bear the ſun, as to become inviſible. 


The times for making the moſt favourable obſer- 
vatians on this planet, are, when it paſſes before 
the ſun, and is ſeen traverſing his diſk, in 
the form of a black ſpot. This happens in it's 
lower canjuntion; : at” a particular ſituation of it's 
nodes; whictHeads us to mention their 3 


} eclj ner. 4 . FL A "3 482100 CI» my 2 EE 
. 8 1 2 F 


. of the 
ordit of Mager With dite plütte öf the elite, 
is 6 54 min.; the node from which Mercury 


aſcends northward, above the plane of the eclip= 
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tic, ivinthe Lach degree of Laune pid 
one in the 14th degree of Scorpia. The earth is 


= in theſe points on the bth of November; and the 


4th of May. If. Mercury, at his inſerior c 
junction, comes to either of his nodes abou theſd 
times, he will appear to mRawarri ,n the, diff 
of the ſun. But in all other parts of his orbit” 
his conjunctions are inviſſble, hecauſe he either 
80er above or below the ſun. Or hm un a 


Or Youu, 2 n YI 

Ne OY (3637 OS een en $6.07 garb 40367 
"Vein iche brightet-and largeſt to appear. 
ance, of all the planets, diſtinguiſhed ſtom them 
all by a ſuperiority of luſtre; her light is off 
white colour, and ſo conſiderable, that in a duſty 
place ſhe projects a ſenſible ſnade. Milton takes 
notice. of her ſuperior luſtre, in metre 
evening in e An. et db EN At 


N Nr ti Re: 


Nay c came Kill Ring on, and Tyilight grey 
Had.in her ſober liv'ry all things clad 
SUeNEe was pleas d: Now GLOW'D THE: . 
Mr | 

Wirn LIVING $APHIRES 3 Ter 15D 
Tus STARRY, chr. Kor BRIGHTEST 3," wide 
i 000 Suns: es 
de in clouded maße ſiy, at length 
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; nnr hath 
And o v the dark her ver mantle threw.” dat 1 


93." ﬀf , ein en e en tft ag 
The diameter of Venus is 9330 miles; „ 


contains 2732,82 4 ſquare miles; her diſtance! - 
from the ſun is 68,891,486 miles; ſhe goes 


round the ſun in 2% days, 17 hours, moving er 
the rate of 80,910 miles per hour. N An 
is inclined to che plate of it's orbit, in an angle” s 

of 75 degrees. Her orbit males an angle of 3 
20 Min With the ecliptic; one node is ar vhs 
e anon ge OO, in fo ici 
-_ She, ile eh W — 
the ſun, never departing from him ee a 
2 degrees. Sas ee Ke is never | 
| being —— for three or four 1100 ie 
r ng. a as the is bebe 
EP ſun, © CC 7 4 
n Want HOGHE HW out offs, aig HUER? 

- One would not imagine that dn , which 
appears ſo much ſuperior to Saturn in the hea. 
vens, is ſo ĩneonſiderable when compared to it; wh 
for the diameter of Saturn is 78,000 miles; while, 
on We atone auf orgs Was age 
5 14 N 2 1 "923 that 
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eee gy 
in the heavens, Wes ſo large a globe as ſhe tm 
is, her diameter being 9330 miles. It is the 
diſtance which producsd Weſe effet; which 
gives and e eee eee 005 
„% n n 441 
„Wen his pumet is in that part af it's arbit 
hich: is weſt of the, ſun, thats, From her in- 
fſerior conjunction to her ſuperior, ſhe riſea defore. 
im in the morning, and is called PROSPHORVS, 
ar | LUCIFER, or the MORNING-STAR./ When ſhe 
appears eaſt of the ſun, that is, from her ſuperior 
conjunction to her inferior, ſhe ſets in the even- 
ing after him; or in other words, renne 
ecxening after he ſets, and is called neue, 
| ee * en We 3": CRE _ * 
$1 IEA 
The inhobicnts 52 ien i 
Wy. always accompanying the ſun; and he 
will be to them, by turns, an evening or a 
morning ſtar, as Venus is to us. To the ſame 
inhabitants, the ſun will e N twice as 
1 We , 5 e ü ae * 
N when [kin 10 ha is 
ſeldow ſeen ro ſhine wich a full ice but has 
_ phaſes, juſt like che moon, from the ſine thin 
FR to the enlightened Oe: Her 
illu- 
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fun; hence it's homs are turned towards the eaſt | 
when it is a morning ſtar, r ee the welt | 
Nr en e n N . | 
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We are told, that, when eee 
liſhed his aceount of the ſolar ſyſtem; it uus ob- 
jected to him that it could not be true, beenũſe if 


it was, the inſerior planets muſt have different 


phaſes, according to their different ſituation with 
reſpect to the ſun and earth; whereas they al- 
ways appear round to us. The anfwer ſaid to be 
made by him, is, that they appear round'to the 


eye by reaſon of weir diſance; but if we could. 


have a nearer, or more diſtinct view of them, we 


ſhould ſee in them the ſame phaſes we do in che 


moon. The invention of teleſcopes is faid to 
have N this prediction < of TOE EW 

But it is ; ther probable, ate a. 4 of 
the Prolemaic ſyſtem ſhould make ſuch an objec- 
tion, or Copernicus ſuch an auſwer; ſince in 
the Prolemaic, as well as in the Copernican 


ſyſtem, the ſhape of theſe; planets, 2 o 


change, juſt as the moon do 


mere change of ſhape | in the inferior planets Ban 


argument, which, in the common way of urging 
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it, 
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inferior Planets, we conſider the ſituation. of he | 
planets. with reſpect to the ſun, when theſe 
changes happen; this, indeed, will ſhew us, that 
- the Ptolemaic ſyſtem is falſe,* «nil bs (ging | 
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| Taking the times in ith {wh 333 aig 
guns: the ſup, for the length of their year; and 
the times. of their turning round their axes, for 
me length of their days and nights together; and 
aſſuming, as true, the obſervations of Bianchini, 
relative to the ratation of Venus round ber axis ; 
we may ſay, that a day and a night in Venus i is as 
long as 233 days and nights with us; her axis 
inclines 75 degrees from the axis of her orbit, on 
vhich account the length of her days and nights 
differ much more jn proportion, and the variation 
of her ſeaſons is greater than thoſe of our earth, 
She very. ſeldom has the forenoon and aftertioon 
of the ſame. day of an equal length, At her 
equator, ſhe has the four ſeaſons twice every year, | 
with other peculiarities, which are enumerated in 
Pg treatiſes on this ſpbject, e 


IS * * - EN we $f 3 
| as " * 
Venus 


» Rutherforth's Syſtem of Natural | Fhiloſophy, vol. 2, 
7 701, 
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a is ſornetimes ſeen! paſſing over the dite 
of the ſun, aa round dark ſpot. Theſe appear- 
ances, which are called tranſits, happen very 


ſeldom z there have been two within theſe ſen 


years, the one in June, 1761, che other in June, 
e fn er ins 
4; Wei BY einn bon) vious of 
- Or enn Rur. ©. Vo alien ads 
3 Kine i 
Fe pO ru us, is the 
earth that we inhabit ;. ſmall as jt really is when 
compared to ſome of the other plahets, it is to us 
of the higheſt importance: we wiſhanly to attain 
knowledge of the others, that we: may find out 
their relation to this, ere . Mg 
connection with, the univerſe at large. But 
when: viewed with an eye to eternity, it's value to 
us is heightened in a manner that exceeds ex- 
preſſion, and ſurpaſſes all the powers of the 
human mind. He alone can form ſome idea of 
it, who in the regions of celeſtial bliſs is become 
Ar. e- eee egen 
1 e e Wie ben 
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of Venus and Mars. The diameter of the earth 
is 7970 miles; it's ſurface contains 199,557,259 

ſquare miles; it's diſtance: from the ſun is 
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moving it the mr eme per hour.” / 
Ieaq; ater), #8 54 Nm 
It turns round it's att" from! weer v0 r 
13S in twenty four hours, which occaſions the appa- 
„ rent diutnal' motion of the ſun, and all the 
heavenly bodies round it, from za8T To wesT in 
the ſame time: it is, of courſe, the cauſe of their 
riſing and ſetting, of ee 
ae nee 1517 eng deen „ 
1 the earth is inlined! 231 degrees 
"of to the plane of it's orbit, and keeps in à direction 
which cauſes the returns of ſpring and ſummer, 
autumn and winter. Thus his diurnal motion. 
gives us the grateful viciſſitude of niglit and day, 
N. e eee e eee ep geek ſueceſſion of. 
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3 eee ee eee eee 
and ſhining globe in che heavens, the ſatellite, 
| : or inſeparable companion of the earth. B/ 
diſſipating, in ſome meaſure, the darkneſs and 
horrors of the night; by her various appeatances, | 
fubdividing the years into months; by fegu- 
the flux and reflux of the ſea; ſhe not 


only 


5 


eee deere, 6 


3 bung bat 3 
an ches abeaing rauch for perlen 0 the 


contemplative find, 'of rea uſeè to 
the reaveller, ao eg 91 hott. digs 


dee ii 257 K 


1 Phan Auch larger — 
the other planets, in oving'to her vieihity to u 


for to a ſpectator in the ſun ſhe would be 


fearcely * viſible, without the affiflance Gf 4 


tance, when put dow in numbers, will appear 
great, e eee wi 


1 ent 311 G1 er 0 2 85 n agen ts bn To 
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The moon is' — in diameter; ber 


| bulk is in proportion to the earth as 1 to 4846; 
her diſtance from the center of the earth 246,000 


miles; he goes round her orbit in 27 days, 7 


hours, 43" minutes, moving at the rate o 


2299 % miles per hour. The time in going 
round the earth, reckoning from e ts 
e e e See bs ee 


Iker eit is inclined to ee e 
angle of 5 degrees, 18 minutes, cutting it in two 
points, which are diatnetrically oppoſite to each 
eee atv culled her nodes.” The 

ah, nodes 


. 


— 


teleſcope." Fler Uiftance is but ſtalf from us, 


bodies; for among theſe,” the dent abb dif: 


* 


1 

1 5 

=>, 
8 

be 


Sonder of the nat making .complete.revolu- 
tion in about nineteen years ;, in Which time, 
euch node returns to that Hong of * clit 
hence it before receded. ; 
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wound, the heayensy ſhe; undergoes-great. changes 
in her appearances, She is ſometimes on qur 
meridian at midnight, and therefore in that, pan 


this ſituation dp +. complare cine 
eaſtward, ſhe be 0 ie 
and in about 74 days e comes to the meridian, at 
about ſix. in the morning, having the appeatance 
ol a ſemicircle, with the convex ſide turned to- 
wards the ſyn ;; in this ſtate, her appearance it 


ward, ſhe. hecomes more deficient- on.the-weſt, | 
and has the form of a creſcent, with the S 2 000 
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of the heavens which is oppoſite to the ſun 1 in 
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called the HALF. Moo. Moving on {till eaſt. 


8 on 


ſide turned towards the ſun; this. creſcent be- 


comes continually more ſlender, till about 14 f 
days after the full moon, ſhe is ſo near the ſun, | 
that ſhe cannot be ſeen, on account of his gfeat l 
ſplendor. About four days aſter this diſappear · 
ance, ſhe is ſeen in the evening, a little toi the J 
| wel tha kde the eee ; 


a 8 


7 
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more full and when the moon comes to the 
meridian about ſix in the evening, ſhe has agaim 
the appearance of bright ſemitircle: advancing 
ſtill co the ciltward, the becomes fuller on the 
calf fide}; at lafl, in about 291 days, ee 


oppoſite ro the fun, and in . 2 
28 TA IK 3 LLC . 53% 360% 
tt frequently happets, that 0 6 moon Le 


ſed when at the full; that the fin is cclipfed 
ſome time between'the difappearanice of the moom 
in the morning on the weſt fide of the Tun, af 
her appearance in the evening on the eaſt ſide of 
the ſun,” The nature of theſe phenomena will 
be mote fully coolidered; when ue come to treat 
patente of'eelipſes. 5 1811 ah . 10 LIE 


el: FLO ; . Nang, Hain 


in every” revolt 


bee mint b 


cherefore/pieſctits the late face to our view ; and 
her day and night together are as long as our 
lunar month. As we ſee only one ſide of the 
moon, we ute thetefore inviſible to the inhabi- 
tants on the oppoſite fide, without they take ' 
journey to that ſicde which is next to us, ſor which 
purpoſe ſome of them 3 e than 
I 500 miles. 


earth, ſie turn once round upon her axis, and 


: 


Fe ge 


ving MilFto/theeaftward, the creſcent becomes FR 
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| A r oon illyminates ce eanh hy a light 

| reflected; from. the ſun, the is reciprocally en- 

|: | lightened, but in a, much. greater degree, by the 

earth; for the ſurface, is above 13 times greater. 

than thai of the moon; and therefore, ſuppoſing 

their power, of refleRing licht to be equal, the 

earth vill reflect 13 times more light on the 

| moon than ſhe receives from, i it... When it is 

= What we call new moon, we ſhall appear as a full 

1 moon to the Lunarians; as it increaſes. in light 

to us, gur s will decreaſe io them; in a word, 

our earth vill exhibit to them, the, ſame phaſes as a2 
* does to us. | 
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"We _ already ſerved, that from © one ie half 
of the moon the carth.js never ſcen; from, the 
middle of the other half, It is always ſeen over 
head, turning round almoſt thirty times as quick 
as the moon does. To. her inhabitants, the earth 

i ſcems to be the largeſt. body in the univerſe, 
about thirteen times a large to them, as, the 
does to us. As the earth turns round it's axis, 
the ſeveral. continents and iflands appear to the 
- Lunarians as ſo many ſpots, of different forms; 
by. theſe ſpots, they may determine 1 e 
the earth 's diurnal, motion; by th 
may, perhaps, meaſure nn ant 

| have : a better dial, | 
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Mars, . inconfiderale in the 
—_ is 5, 400 miles i in diameter 91,608,966 
quare miles in ſuperficial content. It diftines// 
from the ſun is T45,014,148'miles. OS round 
be 8 in I year, 921 85 17 hours,” moving at 


= << I», v 
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the rate of 55,287 wiles per hour, / Ae 5 
round it's axis in 24 hours, 40 minutes; it's orbit 


zs inclined to the ecliptic, at an angle of 1 deg. 


$2, min, ; to an inhabitant. in Mars, the fun 
would appear Sun, nee than it 
E -" AY ' Tried 20% HIS as 


Mars, when in, oppoſition a b 
times nearer, to us than when/.iniconjuiiction. 
This has a very viſible effect on the appearance 
of the planet, cauſing him to apprar much lar- 


21 ** 


Ser at ſome W than at othets. Ho? ow 


The axis of this planet is b at right $5: 


to it's orbit. The time, therefore, the ſun is 


above the horizon, or the length of the natural 
day, will almoſt. in every part, be equal to the 

night, or the time the ſun is below the horizon. 
There will be very. little change or variety of 


ſeaſons: but places, in different latitudes: will 


have very different degrees of light and cold on 
account of the different inclination of the _ 
* to the en 


r e ee Low i, at 

A Peder in in „Man e if ever, ſee 
Mexcury, except when, they ſee ĩt paſſing over 
the ſun's diſk. - Venus will appear to him at 
abau the ſame Giflance, * the ſun, as Mercury 


5 8 appear 
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appears to us. Ae can U appeay dbour we 
me of Venus, and never above 48 degrees from 
the ſun; and will be, by turns, à morning and 
wh NEny 0 een, 


1 les 1 X 11271 137 :#% 24 n 
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e is fined ſtill kicker in the Hits 
revolving round the ſan, between Mars and 
Saturn. It is the largeſt of all the planets, and 
eaſily diſtinguiſhed from them by his peculiar 
maguitude and light. To the naked eye it ap- 
pears almoſt as large as pear but not altogether. 
ſo DOR | 


rn MEFS 
— round the ſun in 4332 days, 12 hours, 
20 minutes, or near 12 yeats.” The diſpropor- 
tion of Jupiter to the earth, in ſize, is 
great; viewing him in the heavens, we conſider 
him as ſmall in magnitude ; ' whereas he is in 
reality 94,000 miles in diameter, and 
25,759,077,600 ſquare miles in ſuperficial con- 
tent; his diſtance from the ſun is 494,990,976 
miles; he moves at the rate of rather more than 
22, 101 miles per hour; his orbit is inclined. to 
Wes at ATT deg. 20 min. 


e 


Ez DV 


| nat Jupiter; the ſun would not 
N be a fifth part of che ſine he appears to u, and 


1 ST 
nn 


bis diſt be 25 times leſa. Though Jupiter be the 
largeſt of all the planets, yet it's revolution 


it's axis is the ſwiſteſt. The polar axis is ſhorter 


than the equatoreal one, and his OTE 


; nw to the Mo of his orbit. 
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> Jupitnt, When in aperto ec ln 
kae nearer the earth, than when he is in con- 


Junction with him; at thoſe tirnes he appears 
a hy tem Was Ne OO than at N 
Ae We 2¹ 4 3% 16t us Fenls 2G 

| . aid © 

rde attended 4 by four tete, or moons; 
theſe are inviſible to the naked eye : but hraugh 
$, teleſcope. they make à beautiful appearance. 
As gur moon turns round the earth, enlightening 


+ the nights, by refleſting the light ſhe teceiues 
| from. the ſun, ſo theſe alſo enlighten the nights of 


| Jupiter, and moye rqund him in different periods 
of time, proportioned to their ſeveral diſtances: 
and as. the moon keeps company with the eartb 
in it's annual revolution. round the ſun; ſo 
theſe e e in ** courſe raund 
that mt Fe nog t ie 
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16 ſpeaking of the fiche we dilling 
chern to their places, into the firſt, 
che ſecond; and ſo on: dme feſt, ve mean thay 
. en 


* 


PAR . Aids 1-200 
In Jupiter; the days and nighth e af in equal © 
length, esch being about five hours long. We 
have already obſerved, that the axis of his diurnal | 
rotation is ieatly- xt right angles to the plane of 
his annual one; and here, as far as we may reaſon 
from analogy, we may diſcover the ſootſteps of 
that wifdom, which is ſo conſpicuous in all the 


works of the Cyeator; for if the axis of this planet 
were inclined by any conſiderable number of 


gegrees, juſt ſo many degrees round each pole 
would, in their turn, be almoſt ſix years in dark- 
neſs; and as Jupiter is of ſuch an amazing ſize, 
jn this caſe immenſe RET apt wen be. 
Aenne 5 


o * 
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The 8 of £Ju pere l. ſatellites vin ap- 
pear almoſt as big as the mon does to us; five 


times the diameter, and twenty-five times the 
diſk of the ſun,” The four ſatellites muſt afford a | 


pleaſing ſpectucle to the inhabitants of Jupiter; 


for ſometimes they will riſe all together, ſome- | 


times be all together on the meridian, ranged one 
un. another, beſides frequent eclipſer. Not- 
9 E 4 * 


\ 


% 
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Lacellites from . the eclipſes thereof ate of 


our ſyſtem; he ſhines but with a feeble light, 


viewing a large and glorious, globe, one o the 
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copſiderable uſe, for; aſcertaining with accuraay 
the longitude of places. From the ſour ſatellites, 
the inhabitants of Jupiter will have four different 


kings o of months. and the number of them in 


their year pot le e ain Weg pen gp ray 
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An aſtronomer i in ; ce will, never. Fan Mer- 
cury, Venus, the earth, or Mars ; becauſe, from 
«the immenſe diſtance at which he i is placed, they 


muſt appear to accompany, the ſun, and: riſe and 


ſer with him ; but then he will haye.for, the ob- 


jects of obſervation, his on four moons, Saturn, 
his ring and Kaen and r OS Geor- 
Bp N. 2% ej Zaun ing 1 1 * | 
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Before the diſcovery of the Georgium Sidus, 
Saturn was reckoned the moſt remote planet in 


leſs bright than Jupiter, though. leſs ruddy than 
Mars. The uninformed eye imagines not, when 
it is directed to this little ſpeck of light, ihat it ĩs 


moſt ſtupendous of the planets, whoſe diameter 
is 78,000 miles, e ſurface contains 
172 ; 19. 
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10 g 9.40 Khpuare miles. We need not, 
however bdſugprized: at the vaſt bulk of Saturn, 
and ir fiſpropemian to it's appearance in he 
heavehs 3 ſor we are to conſider, that all objects 
decreaſe in heir apparent magnitude, in propor- 
tion io their diſtance : but the diſtance of Saturn 
is immenſe ; that of the earth from the ſun is 
95,173,000 miles; of n 907,956,130 


miles l: aan 3175 5 an 8 tel N 


- 
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The length of a planet We time f 
it's .revolutian round ũt's orbit, is proportioned 
to it's diſtance from the ſun. Saturn goes 
round the ſun in 29 years, 167 days, 6 hours, 
miles per hour. His orbit a e ay 
n in e en 30 e 
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I Me eta” 
obſervation; whether Saturn revolves or not upon 
his axis we are eee e 4 
appear ninety times leſs to an indabirancof Sarum, 
than it does to us; but notwithſtanding the ſun 
appears ſo ſmall to che inhabitants of the regions 
of Jupiter and Saturn, the light that he will afford 
them is much more chan vould be at firſt ſuppo- 

| which 


- 
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2 which it is inferred;«th | 
| azmes much light to 


he fun vil afford 
„s dhe ſull moon 
40 us; and 1 600 times as waa Jupiter. To 
eyes like ours, unaſſiſted by inſtrumenus, Jupiter 
and the Georgium Sidus would be the only planet 
deen from Saum, to whom Jupiter would ſome. 
times be a morning, ſometimes in even ia Nu. f 

15 92 ieee 8H 1 een e cf Nei 
There is n er 66d ee e to 
ah planet Saturn; a thin, broad, ery ring, 
encompaſſing the body of that planet, without 
touching it, like the horizon of an artificial globe, 
eppearing double when viewed through a good 


| teleſcope, The ſpace between the ring and the 


than the breadth of the-ring, and the greateſt di- 


: ameter of the ring to be i in proportion to that of 


times caſt a ſhadow over vaſt regions of Saturn's 
body. The ring of Saturn, conſidered as a broad 


_ the globe, as 7 to 3; the plane of the ring is in- 
clined to the plane of the ecliptic, in an angle of 
go degrees, and is about 21,000 miles in breadth. 
It puts on different appearances to us, ſometimes 
being ſeen quite open, at others only as a line 
upon the equator. It is probable, that it will at 


flat ring of ſolid matter, ſuſpended round the body 


of the planet, and keeping it's place without any 
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we are ebd., Of che — 
various and uncertain were the conjectures:of the 
firſt obſervers; yet they were not leſs perplexed, 
than thoſe of the lateſt. Of us uſe to the in- 
habitants of Saturn, we are equally. ignorant: 
though there are reaſons for ſuppoſing that it 
would appear to them as little more than a white | 
mena of Saturn's ring Wen, eee more 
. eee eee eee e " 
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-Friinabilduns eee wh Caſſini, to the 
diſcovery ofthe Cem Sidus by Dr. Herlchel, 
aſſiduity in obſerving was aſſiſted by accuracy and 
perfection 1 in the inſtruments of. obſervation, yet 
no new diſcovery was made in the heavens, the 
boundaries of our ſyſtems were not enlarged. The 
inquiſitive mind naturally inquires, why, when 
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 Heficient? A ſmall knowledge of man will anſwer 
e ee eee 


Icing iN e YO 4207 | 3506 er Wo Tab INE: 
The ate bes Ust propenſity to 
e tho ardour of it's purſuitꝭ, hen they 
are unconnected with ſelfiſh views, are ſbon 
Abared, ſmall difficulties diſcourage, à little in- 
' da: Unie e e then 
manageable length of the teleſcopes that were in 
uſe; and the continual expoſure to the cold air of 
the night, were the difficulties the aſtronomer 
had to encounter with; and he ſoon perſuaded 
- - himſelf, that the ſame effects would be produced 
by ſhorter teleſcopes, with equal magnifying 
power; herein was his miſtake, and here the fea- 
ſon hy ſo few diſcoveries have been made ſince 
| — of ſcience, occurs in the hiſtory of 
the microſcope, as 1 ny Ares __ on 
aut eb S 1195959 HATHE nter line. 


by 11 28 411 NI nene N id re 
The gane Sidus was Giconereg by, . 
FHHerſchel, in- the year 1581 ; for this diſcovery 
he obtained from the Royal Society the honorary 
recompence of Sir Godfrey Copley's medal. He 
d Ka 0 e named 
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In ſo recent a diſcovery of a planet .o Gittant, 


many particulars cannot be expected. It's year i 
ſuppoſed to be more than 83 fiderial years: be 


inclination of it's orbit 43 min. 35 ſeconds; it's 
bulk to that of the earth as 4,454 to 1. It's light 

is of a blueiſn white colour, ine irn brilliency 
er eee par eee, Wat e 
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With a teleſcope, which ages about 300 


times, it appears to have "x very well"defined | 


viſible duk; but with" inſtruments of a 
power it ean'ttardly be diſtinguiſhed from a'fixed * 
ſtar, between the fixth' and ſeventh magnitude. 
When' the rhoon is abſent, it may allo be Ken 
by the naked che Dur ity 11: nawwno 
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This gend view of the m tin, 1. 


apprehend,” be better concluded than in the 
words of that excellent nathEniarician, 2 — * 
Maclaurin,” (dee eic Or eu bitt 9 TY il 
x $44; 2 = 
“The weed nature, which is the immediate 
ace of ſenſe, is very imperſect, and of ſmall 
| extent; 
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enestt hot by the affitance f ertꝭ nd he 
of reaſon becomes enlarged, till it loſes itſelf in 
infinity. As magnitude of every ſort, aba 
ſtractedly conſidered, is capable of being in- 
creaſed to infinity, and is alſo diviſible without 
end 3 ſo we find, that in nature the limits of the 
| greateſt, and leaſt dimenſions of things; ate 
_ . immenſe diſtance from each 
other. Ae 2-5 was IF ttt £4. 4:71 of a0 mm RA rt 
a 8 Ne 3ra8h A; A 
1 x SOA ee * tes. 
panſe, in which natural cauſes operate, and fix 
no limit, or termination, to the univerſe. The 
objects we commonly call great, vaniſh, when 
vt contemplate the vaſt body of the earth. The 
terraqueous globe itſelf is loſt in the ſolax ſyſtems; - 
the ſun itſelf dwindles into a ſtar; Saturns vaſt 


orbit, and all the orbits of the comers, crowd in- 


to a point, when viewed from numberleſs places 
between the earth and the neareſ} fixed ſtars. 
Other ſuns kindle to illuminate other ſyſtems, 
where our ſun's rays are unperceived ; but they 
alſo are ſwallowed up in the yaſt expanſe. When 
| ve have riſen ſo high, as to leave all definite mea- 
ſures far behind us, we find ourſelves my PANE 15. 
a term, or limit. | ; Ws 
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Quaid: imperſect, 
beer en ol ene manner, 
hat mighty power which prevails throughout, 
e ſorce and efficacy that ſuffera no 
diminution ſrom the greateſt diſlances of ſpace or; 
intervals of time; and to prove that all things: 
are ordered by infinite wiſdom, and perfe& good 
neſs, ſcenes which ſhould excite and animate us 
1 with - the 1 e eee, 
nature,” Foal lik £3050 vit „ ties H vt 
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| Having given 6 
ſyſtem, and the bodies of which it is compoſed,- 
it vill be neceſſary io enlarge theſe, ideas by a 
more minute deſcription of the particular parta, 


them by the force af that evidence, on which 
the ſy ſtem is e. wy | „ LE e een . N ö ig . 
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eee ee b 
of the heavenly bodies is not the ſame to the in- 
habitanta of various parts of the earth; that e 
fun, the moon, and the ſiats, riſe and ſet in 
Greenſand in a manner very different from what 
mey do in the Eaſt Indies, and in both places 
very Un from what they do in HIP 

; and 


which form this great whole: and to ſirengthen 
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deten Tbde udent however: of th philoſopher 


dara e bebe the cans; this 


change in the appurent face of the hen vem: to the 


figure of the earth, (ſor appearances muſt ever 
anſwer to the form and ſtructure of the things) 
the nature of this figure was, therefore; one of 
the firſt objects ee eee eee, 
pe e abbr e e bn 
CCC 
— e of antiquity contlogel; 'thit 
the earth muſt neceſſarily be of a ſpherical figure, 
becauſe that figure was, on many accounts, the 
moſt convenient for the earth} as an habitable 
world : they alſo argued, that this figure was the 
moſt natural, becauſe any body erpoſed to forces, 
vhich tend to one common center, as is the cuſe 
vith the earth, would neceſſarily aſſume u round 


to this truth, was not determined by ſpeculative 
reaſoning; but on evidence, derived from fucts 
and actual obſervation. From theſe 1 ſhalf feléct 
thoſe arguments, n I think will have the great- 


nnn Bev 1109's avec ants 


k 


; N 72 t n 70 
Ann CRT an * 4 Wie Mae 


It übe uur the laws redes Arbe 
ſpective, chat if any body, in all tation; and 
under all cireumſtances, projects deer 


lade, that e cop a G N 


« tron ary: 3 ih Cie# | $813357 dig * 7 
Dag e 


os$ as 


* 
> . 


nee 1 OAK ar | 


It knov- nn 
ae cauſed bye der ofthe cond. % Hes 


Aud vs fd, that mhacher the finden be gro- 
jected rownds/xhe; eaſt, or the weſt, the north, 

or che ſouth, under every circumſtance it is cir- 
cular ;/ the body, therefore, that caſts the ſhadow, 
which is the earth, ee , | 
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we ſhall e eee 


the globular ſhape of the earth, by inquiring in 


what manner a perſon. ſtanding upon the coaſt of 
the ſea, and waiting for a veſſel, Which he knows 
is agen 5 chat veſſel. y 


* * ty 
BY La s r 


we dal nd that he firſt. of all and ar the 
greateſt diſtance, ſees the top of the maſt riſing 
out of the water; and the appearance is, as if tho 
ſhip was ſwallowed up in the water. As he 
continues to obſerve the object, more and more 
of the maſt appears ; at length he begins to ſec 
the top of the deck, and by degrees the whole 
body of the veſſel. On the other hand, if the 
ſhip be departing from us, we firſt loſe fight of 


the hull, eee diſhoncd aha-engit iiaif« 
appear, and at a ſtill greates the top · fail. But if 
the ſurface of the ſea were a plane, the body of 
ee 


ſeen 


. * 
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maſts would not be viſible till it came nearer... 


conſider two ſhips meeting at ſea, the top-maſt of 


each are the parts firſt diſcovered by both, the 
hull, &cc. being concealed by the convexity of 
the globe which rifes between them. The ſhips 
may, in this inſtance, be reſembled to two men, 
who approach each other on the oppoſite ſides of 
a hill; their heads will firſt be ſeen, and gra- 
dually, as they approach, the n eee 
, We in view. Fee 


This wit is fully evinced by the following 
_ conſideration ; that ſhips have failed round the 
earth, have gone out to the weſtward, and have 
come home from the eaſtward; or in other 
words, the ſhips have kept the ſame courſe, and 
yet returned from the oppoſite ſide into the har- 
bour whence they firſt failed. Now we are certain 
that this could not be the caſe, if the earth were a 


* plane; for then a perſon, who ſhould ſet out 


from any one point, and go on ſtrait forward, 
without ſtopping, would be continually going 
— "50 from the Point from which he ſer out. 
is argument may be much elucidated, by 
* the pupil to a terreſtrial globe, on 
whick 


my . 2 
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which be may llw the nes of an Anton nd | 
e aa rid | * 


Big: 1 "A dure IL jr. Sang the 
foregoiog principles. Fig. 1, ſhews that if the 
earth was a plane, the whole of a ſnip would be 
ſeen at once, however diſtant from the ſpedtator. 
and that whether he as placed at the top or 
bottom of a hill. From fig. 2, it appears, that 
the rotundity of the carth, repreſented by the 

d, while the top-maſt is ſtill viſible; and that it 
ls not till che dae Rp whole of it 


* » ' LES a B's. 
* * - 


AI 


ſeem to dip further and farther downwards, till 
by proceeding, it will deſcend entirely out of 
ſight. In the mean time, the ſtars to the ſouth- 
ward of our traveller will ſeem to riſe higher and 
higher. The contrary appearances would hap- 
pen, if he went to the northward. This proves 
that the earth is not a plane ſurface, but a curve 
in the direction ſouth and north. By an obſer- 
vation nearly ſimilar to this, the traveller nfay 
prove the curvature of the earth, e enen 
n et ee a 5 of 
N F 2 | The 


horizon, and if you travel to the ſouth, it wil! 


n AF OL” OB 4 


1 


art of conveying water from one place to another: 
for in this proceſs, it is found neceſſary to make 
an allowance between the true and apparent 
level; or in other words, for the figure of the 


22 "O90 about thirty-four miles longer than the 


pupil, that though we call our earth a globe, and 
_ that when ſpeaking in general terms, it -may be 
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— fguts ofthe" nn be all 
inferred · from the operation of levelling, or the 


earth. For the true level is not a ſtrait line, 
but a curve, which falls below the ſtrait line, 
about eight inches in a mile, four times eight in 
two miles, nine times eight in chree miles, ſix- 
teen times eight in four miles, ee 0 4 
8 e e 


: Wher the earth leſs of it's besen 
tains and vallies, is very inconfiderable ; the 
higheſt-eminence bearing ſo little proportion to 
it's bulk, as to be ſcarcely equivalent to the 
CR 


Itis proper, however, 0 acquaint the young 


. conſidered as ſuch ; yet, inthe ſtrictneſs of truth, 
it muſt be obſerved, that it is not exaRly and 
perfectly ſpherical, but is what we terman oblate 
ſpheroid, flattened a little towards the poſes, and 
ſwelling at the equator ; the equatorial diameter 


diameter 


% 
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diameter from pole ub poll This Uebe 
pre ion mrs eee 
F 
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eee find 3 ſome difficuley'in. | bg 
conceiving that the earth moves; the more ſo, 
becauſe, in order to allow it, they muſt give up. 
in a great meaſure, the evidence of their exterior 
ſenſes, of which the impreſſions are with them 
exceeding ſtrong and lively. It will, therefore, 
be neceſſary for the tutor to prove to them, that 
they can by no means infer that the earth is 
at reſt, becauſe it appears ſo to them; and he 
ſhould convince them, by a variety of facts, that 
reaſon was given to correct the fallacies of 
the ſenſes. - To this end we ſhall here point out 
ſome inſtances, where apparent motion is pro- 
duced in a body at reſt, by the real motion. af the 
a o 5 


Let us guete man in a 1 to be _— 
along by a briſk gale, in a direction parallel to a 
ſhore, at no great diſtance from him; while he 
keeps his eye upon the deck, the maſt, the ſails, 
or any thing about him in the ſnip; that is to ſay, 
while he ſees nothing but ſome. part of the veſſel 

F 3 on 
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on board 6f which he is; and Soars 
part of which moves with him, he win not per- 
ceive that the ſnip moves at all. Let him, aſter 
this, look to the ſhore, and he will ſee the houſes, - 
trees, and hills; run from him in a direction con- 
trary to the motion of the veſſel; and ſuppoſing 
him to have received no previous inſormation on 
this ſubject; he might naturally conelude, - 
e e en be bodies Wer under 
ee eee „nend N . 
In a ander ane to this, men conceive 
the inhabitants of the earth who, in early times, 
knowing nothing of the true ſtructure or laws of 
the univerſe, ſaw the ſun; the ſtars, and the 
planets; riſe and ſet, and perform an apparent 
revolution about the earth. They had no idea of 
the motion of the earth, and therefore all this 
appearance ſeemed reality. But as it is highly 
reaſonable to ſuppoſe, that as ſoon as the lighteſt 
hint ſhould be given to the man, of the motion 
of the veſſel, he would begin to form a new 
opinion, and conceive it to be more rational, 
that ſo ſmall a thing as the ſhip ſhould move, 
rather than all that part of the earth which was 
open to his vie w; fo, in the fathe manner, no 
ſooner was an idea formed, of the vaſt” extent and 
greatneſs of the univerſe, with reſpect to this 
earth, than mankind began to coriceive it would 
. | 1 


erkenne. BRSAVS $7 


be — earth ſhould, ma 
enen eee 40609 9.991 
$4 Sas FEGESS 25! AQ x 55991 
* n it will be eaſy io 
ſhnew the young pupil, that as the eye does not 
perceive it's own motion, it always judges from 
appearances. Let a perſon. go into a common 
windmill, and deſire the miller to turn the mill 
round while he is ſitting within. it, and his eyes 
fixed on the upright poſt in the center thereof; 
this poſt, though at reſt, will appear to him to 
turn raund with conſiderable velocity, the real 
motion of the mill being the cauſe of the apparent 
motion of the ſwivel poſt. Having thus obviated 
the objections which ariſe from the teſtimony of 
the ſenſes, we may now proceed to conſider the 
arguments which tend eee to prove the 


motion of oh earth. ; 

TY 

Al the celeſtial; motions: Ren on bn 8 | 

tion, be INE: more "OOO; =_ 1 
| mochte | 


"2 This ani is much more. agreeable to our 

notions of final cauſes, and our knowledge of the 
economy. of nature; for if the earth be at reſt, 
and the ſtars, &c. move round it once in 24. 
hours, their — muſt be immenſe ; and it ĩs 


A certainly 


* 
Lag 


allo a diurnal motion to our globe, as it would 
de for the inhabitants of Jupiter to inſiſt that our 


ſucceſſively enjoy the light, rather than you a 
mme ae a1 . 


a . 


oy. wu 5 1 n * . 
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certainly more Agreesble to reaſon that one 
 fingle body, and that one of the ſmalleſt, ſhould 
revolve on it's own axis in 24 hours, than that 


the whole univerſe ſhould be carried round it, in 
th Md its? with RR piadniv KI 
CCC © 20-103 ROM BO; np 
The rotation of the earth 50 — is. 
analogous to what is obſerved in the ſun; and 


moſt of the planets; it being bighly probable, 


that the earth, which is itſelf one of the planets, 


ſhould{ have the ſame motion as they have, for 


producing the ſame effect: and it would be a8 


abſurd in us to conteid for the motion of the 
whole heavens round us in 24 hours, rather than 


globe, and the whole heavens, muſt revolve 
round them in ten hours, that all it's parts might 


An the „ ade 60 ſubject, a are 
as eaſily ſolved on the ſuppoſition of the earth's 
motion, as on the contrary hypotheſis. The 


truth of this poſition is pleaſingly illuſtrated by the 
 armillary ſphere, which is ſhewn, fig. 2, pl: XIII. 


The exterior cireles repreſent the ſphere of the 
heavens; within theſe, and in the center of the 
ſphere, 


W on 


ſphere, is placed; a lite globe. ſupported. by a 
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ſteel axis. 4 and are two milled nuts. By 
moving the nut a, the ſmall globe may be turned 
round the ſame way we ſuppoſe our earth to re- 
volve, while the outer part, or ſphere, remains 


fed but if the nut & be turned the contrary 


way, the ſphere will move round the globe, the 
ſame 820 ben ber- EY move. 
Studs der igen l 
Thus ane arten ben ſit 
earth round it's axis, within the ſphere of the 
heavens, or the apparent motion of the heavens 
will ſhew, that the reſult of the various problems 
are the ſame, whether we ſuppoſe the heavens to 
move ere earth, an to revolveon 
it's axis, 18 


Beſides the POS conſiderations, there are 
ſeveral arguments to be deduced from the higher 
parts of aſtronomy, which nA en 
the diurnal motion of the eartn. 


or Donne rsd rn 

— we enter into a eee * 
phænomena, it will be neceſſary to define ſome 
of the principal circles of nt The reader 
will 
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vill comprehend mare- fully. theſe definitions; 
and attain more accurate ideas of theſe circles, hy 
placing, while he is reading them, a nn 
| anne before him. 

Deni. poi: 1 20 43346) {4 Kit ha 
eee een hamacalirncs premiſe, that 
vt are at liberty to ſuppoſe as many circles as we 
pleaſe, to be deſcribed on the earth; and the 
plane of any of theſe to be continued from the 


earth, until ĩt marks a correſpon an, 
a e e POR n. Anna 


«atone e ht HORIZON is themat 
kein named Properly ſpeaking, there are 
two circles called by this name, but diſtinguiſhed 
from each other by added epithets, che one being 
called the sENsIBLE, the other the RATIONAL 
HORIZON. 


i TEPL1 un: ns Th ey 7001 351 wb} if 
In general terms, the 10R1zow may be defined 
to be an imaginary: circle, that ſeparates the 
viſible from the inviſible part of the heavens, 


If a ſpectator ſuppoſes, the floor or plane on 
which he ſtands, to be extended every way, till 


it reach the ſtarry ene * plane is his 
SENSIBLE HORIZON, ' + «15 teren 


. Z 4 t 4 , * 4 
* * * * » 2 * Y «> 7 © 4 #* & 4 2 % 
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. Ku r io Aer is Ancien whoſe. 


plane is paraltel to the eee ne -d 
eee e W nets 


Wie bett u den 


Tix nen ns divides the concave 
. the heavens into equal parts, or hemi- 
ſpheres; the objects that are in the upper hemi- 
ſphere will be viſible; ſueh as are in the lower 
ee an be nn to Nr e e 8 Te! 


Though enn of the cards —— 
to thoſe who inhabit it, yet it is fo minute a ſpeck, 


when compared to the immenſe ſphere of the 
heavens, that at that diftance the planes of the 
rational and ſenſible horizons coincide; or in 
other words, the diſtance between them in the 
ſphere of the e pe is to n for cen 
ment. +] 


To illuſtrate this, let A BC D, fig. 1, plate 
III. repreſent the earth; zh n o the ſphere of 
the ſtatry heaven. If an inhabitant of the earth 
ſtands upon the point A, his ſenſible horizon is 
e, his rational one ho; the diſtance between 
the planes of theſe two horizons is A F, the 
ſemidiameter of the earth, which is meaſured in 
a great circle upon the ſphere of the heaven, by 
the angle e Fo, or the arc eo; this arch in ſo. 

| ſcmall 


E 


1 
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ſmall a circle; as 2 h no would amount to ſeveral 
degrees, andiconſequently the difference. between 


the ſenſible and the rational horizon, would be 
great enough to be meaſured by obſervation. If 
we repreſent the ſphere of the heaven by a larger 


cirele, the ſemidiameter of the earth A F mea- 
fured in this circle, will amount to fewer degrees; 
for the arc E O is leſs than the arc e o; and the 


larger the ſphere of the heaven is, in proportion 
to the globe of the earth, the leſs ſenſible is the 


difference between the two horizons. Now as 


the ſphere of the earth is but as a point, when 
compared to the ſtarry heaven, the difference 


between the ſenſible and rational em wine 
| inſenſible. 1 | 8. Ne 


Fin what has been aid, it appeary 1 = 
only diſtinction between the ſenſible and rational 
horizon, ariſes from the diſtance of the object we 


are looking at. 


The ſenſible horizon is an imaginary cir- 
cle, which terminates our view, when the objects 
we are looking at are upon the earth's ſurface. 
The rational horizon is an imaginary circle, 
which terminates our view, when the objects we 
are looking at are as remote as the heavenly 
bodies. | 


As 
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As the rational Iibrizon divides the apparent 
celeſtial ſphere into two equal hemiſpheres, and 


ſerves as a boundary, from which to meaſure the 


elevation or depreflion of celeſtial objects; thoſe 
in the upper, or viſible hemiſphere, are ſaid to 
be high, or elevated, above the horizon ; and 
thoſe in the other hemiſphere are called low, or 
below the . 


Te eanh W a ſoherical body, 8 


or limits of our view, muſt change as we change 


our place; and therefore, every place upon the 


earth has a different horizon. Thus if a man 


lives at A, fig. 2, plate III. his horizon is Ge: 
if he lives at b, his horizon is H D: if at c, it is 
A E. From hence we obtain another proof of 
the ſphericity of the earth ; for if it were flat, all 
the inhabitants thereof would have the fame 


The point in the heavens, which is directly | 


over the head of a e. is called the zxx IT. 


That point which is directly under his fx, is 
called. the NADIR _ _ 


If a en len . A. fig. 2, 10 III. his 
zenith is A, his nadir E. If he lives at b, his 


zenith 


8 


zenith is B, his nadir F; conſequently the zenith 
and horizon of an obſerver remains fixed in the 
-heavens, ſo long as he continues in the ſame 
| place; but he no ſooner changes his poſition, 
than the horizon touches the earth in another 


point, and . * to een __ 
in the heavens. 


The Axis of the A is an imaginary 2 
eonceived to be drawn through the center of the 
1 _ which line as mp N 


n of the e ite made 
5 it's axis, or thoſe two points on it's ſurface, 
where it's axes terminate; one of theſe is called 
the nokTn, and the other the sourH POLE. - 1 


I he poles of the heavens, or of the world, are 
thoſe two points in the heavens, where the axis of 
the earth, if produced, would terminate; ſo that 

' the north pole of the heavens is exactly over the 

north pole of the earth, and the ſouth'pole of the 
heavens is directly o over the ſouth 125 of the earth. 


The EQUATOR is an imaginary circle, whichis 
luppoſed to be drawn round the earth's ſurface, 
inthe middle between the two poles. It divides the 
: et 7 into two equal parts, one of which is called 
5 8 
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SPHERE. 1 8 10 9261659020} eee, biwve! 
If we fagpole the 5 of the earth's equator 
to be extended all ways, as far as the heavens; it 
will mark there a circle, that will divide thehea<- 
vens into two equal parts; this circle is called 
ſometimes the EQUINOCTIAL, RO the 
CELESTIAL. EQUATOR. 


1 — is a ciecle Loppoſed | 
to paſs through that place, and the poles of the 
earth; we may therefore imagine as many me- 
ridians as there are places upon the earth, be- 
cauſe any place that is ever ſo little to the eaſt or 
welt eren . | 

By the foregoing definition, we ſee that the 
meridian of any place is immoveably fixed to that 
place, and carried round along with it by the ro- 
tation of the earth. The meridian marks upon 
the plane of the horizon the 1 and _ 
points. | 


The circle which the ſun appears to deſcribe 
every year, in the concave ſphere of the heavens; 
is called the xcLIPTIC. It is thus denominated; 
becauſe in all eclipſes the moon is either in or 

ae 
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near the plane of it. But as the earth moves 


round the ſun, in the plane of che ecliptic, it is 
e ee en : | 


I we cbnotive a zone, nd as 
degrees broad in the concave ſphere. of the hea- 


ven, with the ecliptic paſling through the ma 
of it, this zone is called the zobrAc. 4711003 


The am in the zodiac. are . divided i = 
TWELVE'SIGNS, Aries, Taurus, Gemini, Cancer, 


Leo, Virgo, Libra, Scorpio, aa 5 


commun. en Fan. (E999 Tala; 


* 


we may W as many 5 as we pleaſe 
drawn on the globe, parallel to the equator, and 
theſe will decreaſe in their Giamerer, + as FIR 5 
"ne nearer. Re: e „ 01 eee e 


The TROPICS are two leſſer circles of this kind, 
parallel to the equator, and 234 degrees diſtant 
. from it ; one in the northern hemiſphere, which 
is called the TRoPIc or Cances; the other in the 


ſouthern, which is called the TROPIC OF CAPRI- 


CORN. * If we conceive the planes of theſe circles 


expanded, till they reach the ſtarry heaven, the 
ſun will be ſeen to move in that circle which cor- 
reſponds to the tropic of cancer on the longeſt 

ſüummer's 


8 
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ſurniner's day, and in that circle which anſwers 
to the tropic of Capricorn « on the ſhorteſt winter s s 
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day. 


The polar circles are two leſſer 7" Wi con- 


ceived to be Kelendes * ee diſtance 
des: een 3 
enn is inclined to the Phun 
of the ecliptic; and makes with it an angle af 
664 degrees ; therefore the plane of the earth's 
equator cantot eoincide with the plane of tbe 
ecliptic, but theſe two planes make wil one 7 


another en, IE 7 5 | 
J Os riix nn Morton or Thy! au 
- ; 
The wa definitions being Ander och 
3 we may now proceed in the deſcription of the 
1 phiznomens of bur ſyſtem. It is owing to the 
ch I nduftry of modern aſtronomers, that the annual | 
ne motion of the earth has been fully cvinced ; for 
u. ough it's motion had been known to, and 
cs {opted by many among tlie ancient philofo- 
* phers, yet they were not able to give rheit 
. opinions that degree of probability, which is 


ttainable from modern diſcoveries, much eſs | 
he evidence ariſing ſrom thoſe- dertionſtrative 


© ba 


— 
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proofs of which we are now in n We 
ſhall, therefore, enumerate ſome of the reaſons 
which induce aſtronomers to believe that the 
earth moves round the ſun. 


Wt" 
The celeflial.1 motions. ir rt 1 
more ſimple, and free from thoſe looped contor- 
tions which muſt be ſuppoſed in the other caſe, 
and which are not only extremely improbable, 


but incompatible with what we know of motion. 


This opinion is alſo more teaſonable, on ac- 
count of the extreme minuteneſs of the earth, 
when compared with the immenſe bulk of the 
ſun, Jupiter, and Saturn; and there are no 
known laws of motion, according to which fo 
great a body as the ſun can revolve . ſo ſmall 
a one as the cartn. 


The ſun is the 8 of lehr _ hes, 
which it darts through the whole ſyſtem; lt 
ought, therefore, to be in the center, ,that. it's 
influence may be regularly diffuſed through the 
whole heavens, and gommunicated in hy me 
W W lt ts 
| When we conſider the Poa 2s the center AF the 
ſyſtem, we find all the bodies moving round i: 
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agreeable to the univerſal laws of gravity ; but 
upon any other conſideration. we are left in the 


The motion of the earth round the ſun, accofds 5 
vith tpst general harmony, and univerſal law, 
which all the other moving bodies in the ſyſtertt 
obſerve; namely, that the ſquares of the periodic 
times are as the cubes of the diſtances ; but if the 
ſun moves round the earth, that law is deſtroyed; 
and the general order of ſymmetry in nature 
interrupted. _ | 5 eld v 


It is inconteſtibly proved by obſervation,” a" 


ſtars, which ariſes from a combination of the mo- 


orbit, 6 54.4 


It will be cleatly ſhewn in it's place, that 
Venus and Mercury move round the ſun in orbits 
that are between ir and the earth; that the orbit 
of the earth is ſituated between that of Venus and 
Mars; and that the orbits of Mars, Jupiter, &c. 
are exterior to, and include the other three. 


| : 
. %. . 
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motion having been diſcovered in all the fixed 8 


tion of light with the motion of the earth in it's e 


dhe! | 
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- Os 1 p apparent Morton er Tue Sn, 
ARISING: FROM/ TAE EanrH's AA Me. 
TION ROUND IT, e 


Ax when perfon fell alongtthe ea onthe 
on-land, appear to change their hann ab 
tator upon the earth, as it moves.alongit's:orbi, 
on baten it were eee 
their phces. | 


The apparent inn is of two ſorts ; 
the one is that of bodies at reſt, the chunge of 
whole. place depends, ſolely on that of the ſpec- 


tator; the other is that of bodies in motion, | 
whoſe apparent change of place depends as well | 
on their own motion, as on that of the ſpectator. 1 
We ſhall here conſider only thab apparent change T 
which takes place in thoſe which are at reſt, and t. 
which is 1 wholly to mee eee ſt 
W 

To Gans FOR the: AY e Ae 

earth, will appear ta mave in the ſame manner, 
whether the ſun revolves round the cartHh, ot it 
avhether the earth revolves round the fun : Firſt, i be 
let us ſuppoſe the earth at reſt, without any mo- Po 

5 tion : 


1 = 


6 
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ꝛion of it's own, and let the ſun be ſpeci 40 
revolve round it in the orbit ABCD, fig. 25 
plate IV. and let EFGH be a circle in 
concave ſphere of the ſtarry heavens; as the fun 
moves in the order of the letters ABCD in ius 
orbit, it will appear to a ſpectator on the earth 
to have deſcribed the circle EF G H. Whey ; 
the ſun is at A, it will appear as if it was 
the fired ſtars that are at E; when it is at B. ic 
will appear among the fixed ſlars at F; when at 
C, among thoſe at H; and when it is at D, it 
will appear among the fixed ſtars at G. Indeed, | 
the fixed ftars and the ſun are pot ſeen at the ſame 
time; but we have ſhewn, that we may tell in 
what part of the heavens the ſun is, or what 
ſtars it is ear, by knowing 1 thoſe which are op- 
poſite to it, or come to the ſouth at midnight. 
Therefore, if we find that any ſet of ſtars, as 
thoſe at G for inſtance, come Bar ON 
midnight, we may be ſure that they are oppoſite 
to the ſun; and conſequently, if we could ſee the 
ſtars in that part of the heaven where the ſun i, 
eee PRI ET [ ONES. 


Secondly, iet us fupppſe chat g is ihe fun, thi 
of it has no motion of it's own, that it reſts within 
the orbit AB CD, in which we ſhall now ſup- 
Po the ear rth to move, in the order of the letters 


6a. AB 


\ 
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ABCD. Upon this ſuppoſition, when: the 
earth is at A, the ſun will appear in that part af 
| the heavens where the ſtars H are; when: the 
earth is at B, the ſun will appear in that part of 
the heavens where the ſtars G are; when the 
earth is at C, the ſun will appear in that part of 
the heavens where the ſtars E are; and as the 
earth revolves. round the ſun; in the orbit A B C 
D, the ſun will appear to a een 
nenen, 65446 4 


;. Thus 1 84 ih is at 5 4 pan the fun 
vines 5 in the orbit AB C P; or the ſun is at 
reſt, and the earth revolves in the ſame orhit, 3 
ſpectator on the earth will ſee the ſun deſcribe 
the ſame circle GE GH, in the e _ 
2 the * | 


| Hence if the ow of the _ * he 
| imagined to be extended to the heayens, it 
would cut the ſtarry firmament in that very cir- 
cle, in which a ſpectator in the ſyn would fee the 
earth revolve every year: while an inhabitant of 
the earth would obſerve the ſun to go through the 
fame circle, in the ſame ſpace of time that the 


folar ſpectator wauld ſee the earth deſcribe it. 
£4 1 f 1 : 10 : A 1 METH 
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The inhabitants of all the other planets win 

obſerve juſt ſuch motions in the fun as we do, 
and for the very fame reaſons; and the ſun will 
be ſeen from every planet to deſcribe the ſamę 
circle, and in the fame ſpace of time, that a 
ſpectator. in the ſun would obſerve the planet tg 
do. For example, an inhabitant of Jupiter 
would think that the ſun revolved round him, 
_ deſcribing a circle in the heavens in the ſpace of | 
twelve years: this circle would not be the ſame 
with our ecliptic, nor would the ſun appear to. 
paſs through the ſame ſtars which he does to us. 
On the ſame account, the ſun, ſeen from Saturn, 
will appear to move in another circle, diftinf 
from either of the former; and will not ſeem to 
finiſh his period in leſs time than thirty years. 
Now as it is impoſſible that the ſun can have all 
theſe motions really in ieſelf, we may ſafely affirm, | 
that none of them are real, but that they are all 


apparent, and "ariſe from the motions of the 5 
reſpeRtive planets, 


One phznomenan ariſing from the annual mo- 
tion of the earth, which has already been lightly 
touched upon, may now be more fully explained ; 
for as {rom this motion, the ſun appears to move 
from weſt to eaſt in the heavens, if a ſtar riſes or 
M dong with the ſun at any time, it will in the 
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mh of a few N riſe or ſet before it, becauſe 
the ſun'! $ apparent place j in the heavens will bere- 
moved to the eaſtward of that ſtar. Hence moſg 
ſtars which at one time of the year ſet. with the 
ſun, and therefore do not appear at all, ſhall at 
another time of the year 1 riſe when the ſun ſets, 
and ſhine all the night. And as any one ſtar 
ſhifts it's place with reſpect to the ſun, and in 
conſequence of that with reſpect to the hour of 
the night, ſo do all the reſt. Hence i it is chat 
all thoſe ſtars; which at one time of the year ap- 
pear on any one ſide of the pole ſtar in the even- 
ing, ſhall in half a year appear on the contrary 
ſide thereof. 


Or Phz=xoM ENA OCCASIONED, BY THE ANNUAL 
AND, DIURNAL Morioxs or THE EARTH. 


"Firſt, of thoſe that ariſe from the diurnal 
motion. As the earth is of a. ſpherical figure, 
that part of i it which comes at any time under the 
confined view of an obſerver, will ſcem to be ex- 
tended like a plane; and the heavens will appear 
as a concave e ſpherical ſuperficies, divided by the 

. aforeſaid plane into two equal parts, one of which 
"Bs viſible, the other concealed from us by "e 
opacity of the carth. 


1 
„ 


reren , 
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Now the. earth, by /it's revolution.round it's 
axis, carries the ſpectator and the aforeſaid yg 
from WEST ro EAST 3 therefore, all thoſe bodieg 
to the eaſt, which could not be ſeen becauſe they 
were below the plane of the horizon, will become 
viſible, or riſe above it, when, by che rotation 
of the earth, the horizon finks as it were below 
them. On the other hand, the oppoſite part of 
the plane, towards the weſt, rifing above the 
ſtars on that ſide, will hide them from the ſpec- 


rator, and they will appear to ſet, or 80 below 
the horizon. 


Y 


As the e together with the horizon of the 
ſpectator, continues moving to the eaſt, and about 
the ſame axis, all ſuch bodies as are ſeparated 
from the earth, and which do not partake of that 
motion, will ſeem to move uniformly in the. 
ſame time, but in an oppoſite direction, that is, 
from EAST TO WEST ; excepting the celeſtial 
poles, which will appear to be at reſt. There- 
fore, when we ſay, that the whole concave ſphere 
of the heavens appears to turn round upon the 
axis of the world, whilſt the earth i is performing 
one rotation round it s OWN axis, we muſt be un- 
derſtood to except the two poles of the world, for 
theſe do not partake of this apparent motion. 


* 
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It is; therefore, on account of the revolution 


47 the earth round it's axis, that the Ipectator 
imagines the whole ſtarry firmament, and every 


point of the heaven, (excepting the two celeſtial 
poles) to (revolve about the earth from eaſt to 
weſt every \ twenty-four hours, each point 
deſcribing a greater or leſſer circle, as it is more 
or * remote en one of . celeſtial wh neat 

->Aſthniphe every W on the ſure of the ter- 
raqueous globe, is illuminated by all the ſtars 
which are above the horizon of that place; yet 
when the ſun is above the horizon, his light is ſo 
ſtrong, that it quite extinguiſhes the faint light of 
the ftars, and produces 'Day. When the ſun 
goes below the horizon, or more properly, when 
our horizon gets above the ſun, the ſtars give 
their light, and we are in Thar ace wn is 
Fe NIGHT, - 


-Mow as the . is an hats ſpherical 1005 
at a great diſtance from the ſun, or HAU of it 


will always be illuminated vl while” 08 


5 7 half wil r remain in Gy 


* be Lek which diſtinguiſhes the illuminated 
face of the earth from the dark fide, and is the 
ar between 2 and darkneſs, is gene- 
rally 


9 
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rally: culled THE TERMINATOR. A line drawn 
from from the center of the ſun to the center of the 
"__ is IRR the PRETERM circle, 


| * " 
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Fr the 
enlightened hemiſphere, the ſun is juſt riſen to 
that part; when it gets half-way, or to it's great- 
eſt diſtance from the terminator, it is then'noox ; 
and when-it leaves the enlightened hemiſphere, 
it is then 8UN-82T.;. but it ſtill enjoys ſome light 
from the ſun, which is reflected by the atmo- 
ſphere, till it gets eighteen degrees beyond the 
terminator ; this. hg ae is OR | 
Ms W's * | 1 2 


We man what ee a ee r motion 
of the ſun from eaſt to weſt, is not a real, but an 
apparent one, which is owing to the rotation of 
the earth round it's axis. Now if the ſun had 
no other motion but this apparent one, it would 
ſcem to go once round the earth, in the time of 
one complete rotation, or in 23 hours, 56 
minutes; which is the caſe with any of the fixed 
ſtars, and pe * length * a SIDERIAL | 


PAY. | 


But the e. to take up a 3 time 
IV 7 | in 


N 
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in the ſouth of any particular place at twelve 
O clock at noon to- day, it will dot complete an 
apparent revolution, ſo as to return to the fouth | 
of that place again, till twelve o clock at noon on 
the next day, and conſequently eee 
We nen is eee e 
90-4 TBF; 
- This Aifference-i is owing to — AY 
ee which is called his annual or 
yearly motion. For the ſun does not continue 
always in the ſame place in the heayen, as the 
fixed-ſtars do; but if it is ſeen at M, fig. 2, pl. 
IV. one day, near the fixed ſtar R, it will have 
ſhiſted it's place the next day, and will be near 
to ſome other fixed ſtar L. This motion of the 
ſun is from welt to caſt, 4nd one entire revolu- 
ne e 


1 


| Suppoſe neee that jhe ſun, - pages is at 
M, near to the fixed ſtar R, appears in the ſouth 
of any particular place 8; and then imagine the 
earth to turn gnce round upon'it's axis from weſt 
to eaſt, or in the direction 8 T V W. ſo that the 
place may be returned to the ſame ſituation ; after 
this rotation is completed, the ſtar R will be in 
the ſouth of the place as before but the fun 
| having, in the mean time, moved eaſtwards, 
wa being near to the ſtar L, or to the eaſt of R. 
vill 


vill not bein the / ſourh · of the place d. baut to th 


ee eue _ and ue 
dae de fu vil appear nc 2 


This may be arten by an inflanee;. The 


two hands of a watch are cloſe together, or even 


with one another at twelve: they both turn round 
the ſame way; but the minute hand turns round 
in a ſhorter time than the hour hand; hen tha 
minute hand has completed: one rotation, and is 
come round to twelve, the hour hand will be 
before it, or will be at one; ſo that the minute 
hand iuſt nove more than once round, in order 
to overtake the hour: hand, and be even with it 


£ . 0 
5 * 1 © i * : 7 — o ” * 
2 2 4 : . ; 
. Th #1 7 5. k * * 0 0 . 14 
898 * 1 1 1 4 . Ln 
As | | we ſhall: 


endeavour to render ĩt more clear, by placing ii 


in a different point of view: the more To; as it 
may accuſtom the young pupil to reaſon on both 
hypotheſes, namely, the motion of the ſun, and 
that of the mm 


— 
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The e 5 orbidiaburis an 
ſical point; in proportion to the diſtance of the 
ſtars; for which reaſon, and the earth's uniſorm 


* 
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motion on it's axis, any given merit in will 7 
volve from any ſtar to the ſame ſtar again, in 
every abſolute turn of the earth upon it's akis; 
without the leaſt perceptible diffetence of time 


being ſnewn by a clock vhich goes exactly true." 


If the earth had only A diufnal; without an 
annual motion, any given meridian would revolve 
from the ſun to the ſun again, in the ſame quan- 

- tity of time as from any ſtar to the ſame ſtar again; 
with reſpect to the ſtars. But as the earth ad- 
vances almoſt a degree eaſtward in it's orbit, in 
the time that it turns eaſtward round it's axis; 
whatever ſtar paſſes over the meridian on any day 

Vith the ſun, will paſs over the fame meridian 
on the next day, when the ſun is almoſt a degree 
ſhort of it, that is, 3 min. 56 ſeconds ſooner. If 
the year contained only 360 days, the ſun's ap- 

parent place, ſo far as his motion is equable, 
would change a degree every day, and then the 
ſiderial days would be juſt four minutes WO 
than the ſolar. | k 


Let ABCDEFGH, fig. 3, Dare . be 
the earth's orbit, in which it goes round the for 
every year, according to the order of the letters, 
that is, from weſt to eaſt, and turns round it's 
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axis the ſame way, from the ſun to the ſun again 
in every twenty-four hours. Let S be the ſun, 
and R a fixed ſtar, at ſuch an immenſe diſtance, 
that the diameter of the earth's orbit bears no 
ſenſible proportion to that diſtance ; Nm n the 
earth in different points of it's orbit. Let Nm 
be any particular meridian of the earth, and Nia 
bun point, or Blacks. hing York * n 
* ae ia mt yn 8 8 hides hi = 
R, which would always be hid if the earth never | 
moved from. A, and conſequently; as the earth 
turns round it's axis, the point N would always 
e eee bene en the. "_ 
time, ond at ACE Dango 
But when the ae has 1 vi an 
eighth part of it's orbit, or from A to B, it's 
motion round it's axis will bring the point N an 
eighth part of a day, or three hours, ſooner to the 
ſtar than to the ſun. For the ſtar will come to 
the meridian in the ſame time as though the earth 
had continued in it's former ſituation at A, but 
the point N muſt revolve from N to n, before it 
can have the ſun upon it's meridian. The arc 
Nn being therefore the ſame part of a whole cir- 
cle, as the are A B, it is plain that any ſtar which 
comes to the meridian at noon, with the. ſun, 
by. | when 


* 
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oben the earth ib at! Al will büme to it at 
nine o'clock oat eher e 
n en 7 10 | 


'* MAS I eee 640 W 
fourth part of its orbit, the point N will have the 
ſtar upon it's meridian; or at ſix in the morning, 
ſix hours ſooner than it comes round to the fun ; 
but the point N muſt revolve fix hours more, be- 
fore it has mid-day by the ſun: for now the an- 

gle AS Dis a right angle, and ſb is N Din; that 
is, the earth has advanced go degrees on it's axis, 

to carry the point N from the ſtar t the ſun: for 
the ſtar always comes to the meridian wen Nm 
is parallel to RS A; becauſe DS is but a point 


in reſpect to RS. When the earth is at D, the . 
ſtar: comes to the meridian at three it the morn- l 
ing, at E, the earth having gone half round it'3 t 
orbit; N points to the ſtar at midnight, it being ſ 
then directly oppoſite to the ſun'; and, therefore, t 
by the-earth's diurnal motion, the ſtar comes to al 
the meridian twelve hours before the ſun; and th 
then goes on; till at A it comes to we nn 
nens _ ee 
Thus it is! TE rhilt eve-uidſobore revolution 
of the earth on its axis, (which is always com- co 
nnn En gr; 


paralle 
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parallel to it's ſituation at any time of the day be- 
fore) never brings the ſame meridian round from 
the ſun, to the ſun again; but that the earth re- 
quires as woch oven how AO Ca 
Me which, at. a (mean fr, is 36g 
Rte, n 


* eee eee 5 
by the ſtars, whether a clock goes true or not. 
For if through a ſmall hole in a window - ſhutter, 
or in a thin plate of metal fixed to a window, we 
obſerve at what time any ſtar diſappears behind a 
chimney, or corner of a houſe, at a little diſtance; 
and if the ſame ſtar diſappears the next night, 
3 min. 56 ſeconds, ſooner by the clock; and on 
the ſecond, 7 minutes, 52 ſeconds ſooner ; the 
third night, 11 minutes, 48 ſeconds ſooner, and 
ſo on every night; it is an infallible ſign that | 
the machine goes true; otherwiſe it does not, 
and muſt be regulated accordingly, This me- 
thod may be depended on to nearly half a ſecond. 


; 
d 


Or THz Stazons OF THE YEAR, 


It is our buſigeſs-under the preſent head to ac · 
count for the * phenomena of the ſeaſons; thoſe 
grateful viciſſitudes on which ſo much, both of 
H F 
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this bdiheſs ing happineſs of man ! 1 As 
ra ſeaſons are applied in the hieroglyphic lan- 
| | guage of the bible, to mark the different Mages 
of man's progreſs in virtue, the riſe,” meridian - 
| glory, decline, and conſummation of the church, 
or the different diſpenſations of divine goodneſs 
and truth to man; we do not think the reader 
| will be offended, if we preſent him with a few 
obſervations on this head, extracted n the 


works of an i ne moraliſt. 


rn 


The aum! 3 which ariſe 8 the 
poſition of the earth which we inhabit, + with 
ref) pect to the other planets, afford much employ- 
ment to mathematical ſpeculation; by which it 
has been diſcovered, that no other conformation 
of the em could have given ſuch commodious 
diſtributions of light and heat, or imparted fer- 
' rility and en to ſo WY a pare of a e 0h 

| e e 1198 
| 
* The n may with equal reaſon obſerve, 
that our globe ſeems equally fitted for the reſi- 
' dence of a being, placed here only for a ſhort 
time, whoſ taſk is to advance himſelf to a higher 
e happier ſtate of | exiſtence, | by unremitted are 
$ +; ; 4 "vigilance of caution, and aCtivity of virtue. The tim 
| duties of man are ſuch as human nature does no 
04 willing) 


9 
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villugly e and ſuch as thoſe are uns 1 | 


to delay, who intend ſome time to fulfil them. 


It was, therefore, neceſſary, that this univerſal 0 


reluctance ſnould be counteracted, and the drow- 


ſineſs of heſitation awakened into reſolve; that | 
the danger of procraſtination ſhould be always 
in view, and the fallacies of ſecurity be hourly 
detected; To this end, all the appearances of | 
nature uniformly conſpire: whatever we ſee on 
every ſide, reminds us of the lapſe of time, and 
the flux of life. The day and night ſucceed each 
other; the rotation of the ſeaſons diverſifies the 
year; che ſun attains the meridian, declines and 
ſets; and the moon every _ nen it's 
form. 405 | 


The day may be conſidered as an image of the 
year, and a year as the repreſentation of life. 
The morning anſwers to the ſpring, and the | 
ſpring to childhood and youth. The noon cor- 
reſponds to the ſummer, and the ſummer to the | 
ſtrength of manhood. The evening is an emblem | 
of autumn, and autumn of declining life. The | 
night, with it's ſilence and darkneſs, ſhews the 
winter, in which- all the powers of vegetation 
are benumbed ; and the winter points out the 
time when life ſhall ne with it's enen and | | 
pleaſures, 


„ 
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„ . P 
Ile that is Carried forward, however ſwiftly, 
| by a motion equable and eaſy, perceives not the 
change of place, but by the variation of objects. 
Tf the wheel of life, which rolls thus filently - 
along. paſſed on through undiſtinguiſhable uni- 
ſormity, we ſhould never mark it's approaches 
to the end of the courſe. If one hour were like 
another; if the paſſage of the ſun did not ſhew 
it's waſting ; if the change of ſeaſons did not im- 
preſs upon us the flight of the year; quantities 
of duration, equal to days and years, would glide 
away unobſerved. If the parts of time were not 
, Yariouſly coloured, we ſhould never diſcern their 
departure or ſucceſſion; but ſhould live thought- 
| leſs of the paſt, and careleſs of the future, with- 
out will, and perhaps without power, to com- 
; pare the time which is already loſt, with that 
which . nn remain. | 


But be t of time is ſo viſibly . 
+ that it is even obſerved by nations, who have 
raiſed their minds very little above animal in- 
ſtinct. That theſe admonitions of nature 
may have their due effect; let him that deſires 
to ſos others happy, make haſte io give while hi 
' gift can be enjoyed; and remember, that ever) 
moment of delay takes away ſomething from thi 

| value of his benefattion. And let him who pro- 
| | 1 
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roſe his own happineſs, reflect, hs while he 0 
forms his purpoſe, the day rolls on, and the - 
night GH agree true rea 0 A 


p — 


In order to TY the W of thoſe laid 
that are termed the ſeaſons of the year, it will be 
neceſſary to premiſe a few conſiderations : Firſt,” | 
that on account of the immenſe diſtance of the 
ſun from the earth, the rays which proceed from 
it may be conſidered as parallel to each other. 5 
Secondly, that only one-half of a globe can be al 
illuminated by parallel rays, and therefore only | 
one-half of the earth will be enlightened by the 
ſun at one time. Thirdly, that we may call the 


line which divides _ rout darkneſs, the arts 
minator. For 


Theſe conſiderations, as well as ſome of the 
following deductions, will be rendered more 
clear, by a ſurvey of fig. 1, 2; and 3, pl. VI. where 
Ns Q repreſents the globe of the earth; N 
80 8, N 70 8, &c. different meridians interſect 
ing the equator A Q at right angles, and paſſing 
through the poles N and 8; T T the terminator ; 
B a braſs ball, to repreſent the ſun, v with parallel 

an E . A e wes 


4 o 
# 
; 


H3. 


118 ASTRONOMICAL | 385495, 


| the dark neee, 


ened part, and the north REY in the dark hemi- 


| 1 as that place continues in the enlightened 


dark hemiſ n it becomes ni ight to that place. 


— 


 Infig. 3, the _ . * the termi- 


In fig. 4 north fie is 4 5 in the 
illuminated hemiſphere, and _ fouth pole in 


| 0 u fg. 2, the gen b! is in on: 9 


G 


It is r in any given abs on the 3 ſo 


hemiſphere ; and when, by the diurnal rotation 
of the earth on it's axis, it is carried into the 


The length of the day and the 0 depend on 
the poſition of the terminator, with FOR. to 
eee e | 1 


LY 


If the poles. be ſituated in the termiator, a 


in fig. 3, every parallel will be divided into two t 
equal parts; and as the uniform motion of the c 
earth cauſes any given place to deſcribe equal a 
parts of it's parallel in equal times; 'the day and t 
the night would be vid on every parallel of 0 
: f latitude; Cc 


*/ 
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| latitude; that is, all over the alcks, except at 
the poles, where-the ſun would neither "6 ngr 
ſet, but n in the horizon. | | 


Bur if, as in ag I ering opts bs: not 
placed in the plane of the terminator, the termi- 
nator will divide the equator into two equal 
parts, but the parallels into unequal parts; thoſe 
which are ſituated towards the enlightened pole, 
will have a greater part of their circumference in 
the enlightened, than in the dark hemiſphere; 
while ſimilar parallels toward the other pole will 
| have the greater part of their circumference in 
the dark hemiſphere. - Whence it follows, that 
the firſt-mentioned parallels will enjoy - longer 
days than nights; and the contrary will happen 
to the latter, where the day will be the ſhorteſt, 
and the night the longeſt. All this is evident 
from the bare inſpection of the figures; it is alſo 
obſervable; that the diſproportion is greateſt in 
the greateſt latitude; and that thoſe places, 
whoſe diſtance from the pole is leſs than that of 
the pole from the terminator, muſt enjoy either a 
conſtant day, or a conſtant night; becauſe they 
are never carried into the oppoſite hemiſphere by 
the diurnal rotation of the earth. In this poſition 
of the axis, the inhabitants on one ſide of the 
equator may be ſaid to enjoy ſummer, and thoſe 
5 H 8 on 
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on the other fide winter with pes 0 ec 
OW 


"ini what has been faid, it is is plain ite ho 
viciſſitudes in the days and nights are occaſioned 
by the paſition of the terminator, or boundary of 
; - light and darkneſs, with the axis of the earth, or 
| in other words, of the different nen a the 

b with, nen to the ſun. 2 
We have now only to ſnew what nies the 
chit poſition in the terminator, which is, 
1. The inclination of the earth's axis to the plane 
of the ecliptic, or orbit in which it moves. 
2. That through the whole of it's annual courſe 
the axis of the earth preſerves it's poſition, or 
continues parallel to itſelf; that is, if a line be 
conceived as drawn parallel to the axis while the 
earth is in any one point of it's orbit, the axis 

will in every other Ln of the earth be 91 

be the Ald Yai NE | 


ad the axis of the carth were — to 
the place of it's orbit, the equator and the orbit 
(or ecliptic) would coincide; and as the ſun. is 
always in the plane of the ecliptic, it would in 
this caſe be always over the equator, as in fig. 3, 


gd the two poles would be in the terminator, 
f | and 


\ ASTRONOMICAL ESSAYS, 121 


and there weuld be no diverſity in the days and 
nights, and but one ſeaſon of the year; but as 
this is not the caſe, we may fairly infer that the 
axis of the earth i is not ai ret en n me Yr 
EO IE LT 


+3 


But if is EV axis 85 inclined to . is 
of the ecliptic when the earth is as at fig. 1. 
plate VI. the pole N will be towards the ſun, and 
the pole S will be turned from it; but juſt the 
contrary will happen, when the earth by. going 
half round the ſun has arrived at the oppoſite 
point in it's orbit: by this means the ſun will 
not be always in-the equator, but at one time of 
the year it will appear nearer io one of the poles, 
and at the oppoſite time it will appear nearer to 
the other. To this the change of ſeaſons is 
owing; for when the ſan leaves the equator and 
approaches to one of the poles, it will be ſummer 
on that fide of the equator, and when the ſun 
departs from thence and approaches to the other 
pole, then it will be winter. From the inclina- 
tion of the axis, each part of the earth enjoys the 


it benefit of ſummer in it's turn: for it is evident, 
is from what has been ſaid already, that when it is 


winter towards one of the poles, on one fide the 
equator, it is ſummer towards the other poles" or 
on the other ſide of the equator. | 


: * 
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+ To elucidate Kill further the ichongwacinithe 
PS we ſhall beg the reader's attention to 
the figures in plates V. and VI. which repreſent 
one of the moſt ſimple inſtruments hitherto con- 
trived for explaining them. Fig. 1, plate V. is 
the whole of the inſtrument. Fig. 1, 2, and 3, 
plate VI. two portions of it thus exhibited, in 
order to give a more — view of oo v5 
ee. ; 


If we now as ho heads to „0 at 10 ET 
in fig. 1, plate V. then will the ſun appear to 
be at the oppoſite point of the ecliptic in Aries, | 
the time of our vernal equinox. - The terminator 
will paſs. through the poles of the world, and 
divide every parallel to the equator into two 

equal parts; conſequently the nocturnal and di- 
urnal arches, or the length of the day and night, 
will be equal in all places over the works.» Seer 


bg. 3, plate VI. 


Due if you conceive: the chit by it's Sp 
motion to have moved to Capricorn, the axis 
keeping parallel to itſelf; the north pole will 
by this mot ion have gradually advanced into the 
enlightened hemiſphere, ſo that the whole nortb- 
ern polar circle will, when it has arrived; be in 
the illuminated bemilphere, while the ſouther 


pole 
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pole recedes into darkneſs, and all the northern 
parts will enjoy long days and ſummer, while the 
ſouthern parts will have ſhort days and winter. 


Again, while the earth is deſcribing the next 

quarter of it's orbit, or going from Capricorn 
through Aquarius and Piſces to Aries, the north 
pole approaches the terminator in the ſame pro- 
portion that it before receded from it, and con- 


it arrives at Aries, when the poles will again 

coincide with the terminator, and thus cauſe the 

days and nights to be every where equal. This 
is called the AUTUMNAL EQUINOX, | 


During the next quarter, or while the earth is 
going through Taurus and Gemini, the north - 
pole will gradually recede from the light, while 

the ſouthern one advances into it; and the days 
will ſhorten in the northern hemiſphere, . and 
lengthen :in the ſouthern, until the earth is ar- 
rived at Cancer, the ſun then appearing in Ca- 
pricorn, when the north pole will be juſt. as far 
within the dark as in June it was in the enlight- 
ened hemiſphere, This time is called the win- 
TER SOLSTICE. The days every where in the 
northern hemiſphere are now at the ſhorteſt, and 
to the ſouthward they are at the longeſt, 
; | | Þ „„ 


ſequently the diurnal arches gradually leſſen til! 
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From the winter ſolſtice to the vernal equinox 
12 pole vill approach the terminator, and the 
days will again lengthen in the northern hemi- 
ſphere, and at the inſtant in which the axis 
again coincides with the plane, the natural) year, 
_ conſiſting of 36 5 days, 5 hours, 481 minutes, is 
finiſhed. 4 


The pupil will obſerve, by conſidering the in- 
ſtrument, that during the whole revolution of the 
earth, one-half of the equator is always in the 
light, and the other half in darkneſs ; and con- 
ſequently, that under the equator the days and 

__ are always of an equal length. 8 


While the earth is going from Libra to 
Aries, the north pole is conſtantly illuminated, 
and the ſouth pole all the while in darkneſs ; and 
For the other half of the year in a contrary ſtate. 


It is eaſy to perceive, by the foregoing expla- 
nation, that the inhabitants of the ſouthern he- 
miſphere have the ſame viciſſitudes, though not 
at the ſame time, it being winter in one hemi- 
ſpghere while it is ſummer in the other, 


There is ſtill, however, one circumſtance to be 
conſidered, — the daily apparent chang: 
| in 
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in the ſup's declination ; but this will be eaſily 
conceived, by attending to fig. 1, 2,-and 3, pl. 
VI. and conceiving a line to be drawn from the 
center of the ſun to the center of the earth, in 
each fituation. This line may be called the os 


_ tral ſolar ray, About the 21ſt of December, when 


the earth is in Cancer, this ray will terminate or 
fall upon the ſouthern tropic, or the tropic of 
Capricorn; and conſequently, by the earth's ro- 
tation round her axis, the inhabitants of every, 
part of this circle will ſucceſſively have the ſunin 
their zenith; or in other words, he will be ver- 
tical to them that day- at noon, as the ſun 


appears that day to be carried round in the tropic 
of Capricorn. | 


About the 19th of March, the earth i is at 
Aries, and the ſun will then appear in Libra ; the 
central ſolar ray terminates upon the ſurface of 
the earth, in the equator, as at Hg. 3 ; and there= 
fore the ſun appears to be carried round in 


the celeſtial equator, and is ſucceſlively vertical | 
to thoſe who live under that circle. 


About the 21ſt of June, when the earth is 
in Capricorn, the central ſolar ray terminates on 
che ſurface of the earth, in the northern tropic, 
as at fig. 2; and for that day the ſun appears 
to be carried round in the tropic of Cancer, 


1 
* 
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and is alien to * who live under that cir: 


ele. About the 22nd of September, the carth'is 


in Libra, and the ſun in Aries, and the central 
ſolar ray again terminates at the equator; conſe- 


- quently the ſun again appears in the' celeſtial 


N 80 and is vertical to "thoſe m_ * e it. 
We have ſeen, that as the ſun moves in the 
. ecliptic, from the vernal equinox to the tropic of 
Cancer, it gets to the north of the equator; or it's 
declination towards our pole increaſes. There- 
fore, from the vernal equinox, when the days 
and nights are equal, till the ſun comes to the 
tropic of Cancer, our days lengthen, ahd our 
nights ſhorten ; but when the ſun comes to the 
tropic of Cancer, it is then in it's utmoſt northern 
limit, and returns in the ecliptic to the equator 
again. During this return of the ſun, it's decli- 
nation towards our pole decreaſes, and con- 
ſequently the days decreaſe, and the nights in- 
creaſe, till the ſun is arrived in the equator again, 
and is in the autumnal equinoctial point; when 
the days and nights will again be equal. As the 
ſun moves from thence towards the tropic of 
Capricorn, it gets to the ſouth of the equator ; or 
it's declination towards the ſouth pole increaſes. 
Therefore, at that time of year, our days ſhorten, 
and our nights lengthen, till the” ſun. arrives at 


2 n ihe 


%% c 


ce 


8 
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che tropic of Copricomy but whew the ſun is 


arrived there, it is then at it's utmoſt ſouthern = 


limit, and returns in the ecliptic to the equator 
again. During this return, it's diſtance from our 
pole leſſens, and conſequently the days will 
lengthen, as the nights will ſhorten, till they 
become equal, when the ſun is come * to the 
1 W e e NY: 


Our Pet is 9's cight he aner 1 8 
the winter. By ſuramer is meant here the time 
that paſſes: between the vernal and autumnal 
equinoxes; by winter, the time between the 
autumnal and vernal equinox. The ecliptic is 
divided into ſix northern, and ſix ſouthern ſigns, 
and interſects the equator. at the firſt of Aries, 
and the firſt of Libra. In our ſummer, the ſun's 
apparent motion is through the ſix northern, and 
our winter through the fix ſouthern ſigns; yet 
the ſun is 186 days, 11 hours, 31 minutes, in 
paſſing through the ſix firſt ; and only 178 days, 
17 hours, 58 minutes, in paſſing through the 
ſix laſt. Their difference, 7 days, 17 hours, 
63 minutes, is the length of time by which our 
ſummer exceeds the winter. 


In fa. 1, plate vII. ABCD repreſents the 
earth's orbit; S the ſun in one of it's foci; when 
| 7 1 che 


ke earth is at B, the ſun appears at , in the 

firſt point of Aries; and whilſt the earth moves 
from B through C to D, the ſun appears to run 
through the fix northern ſigns, from I through 
S to at F. When the earth is at D, the ſun 


as the earth moves from D through A to B, the 
| ſun appears to move through the fix ſouthern 
ſigns, from = through V to Aries at H. 


Hence the line F H, drawn from the firſt 
point of Aries through the ſun at 8, to the firſt 
point of =>, divides the ecliptic into two equal 
parts; but the ſame line divides the earth's elip- 
-. tical orbit into two unequal parts. The greater 
part B CD is that which the earth deſcribes in the 
ſummer, while the ſun appears in the northern 
ſigns. The leſſer part is D A B, which the earth 
deſcribes in winter, while the ſun appears in the 
ſouthern ſigns. C the carth's aphelion,- where it 
moves ſloweſt, is in the greater part; A it's pe- 

rihelion, is in the leſſer part. where the ſun 
moves faſteſt. | 


There are, therefore, two reaſons why our ſum- 
mer is longer than our winter ; firſt, becauſe the 
ſun continues in the northern ſigns, while the 
earth is deſcribing the greater part of it's orbit; 

* EN: "and 


appears at F, in the firſt point of Libra; and 
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and ſecondly, becauſe the ſun's apparent motien 
is ſlower while it appears in the northern ſigns, 1 
than whilſt it appears in the ſouthern ones. 


The ſun d apparent diameter is greater in dur 
winter than in ſummer, becauſe the earth is neater 
to the fun when at A in the winter, than it is 
when at C in the ſummer. The ſun's apparent 
diameter, in winter, is 32 min. 47 nad in 
ſummer, 31 min. 40 ſeconds. | 


But if the earth is farther from the ſun in ſum- 
mer than in winter, it may be aſked, why our 
winters are ſo much colder than aur ſummers ? 
To this it may be anſwered, that our ſummer is 
hotter than the winter, firſt, on account of the 
greater height to which the ſun riſes above our 
borizon in the ſummer; ſecondly, the greater 
length of the days. The ſun is much higher at 
noon in ſummer than in winter, and conſequently 
as it's rays in ſummer are leſs oblique than in 
winter, more of them will fall upon the ſurface 
of the earth. In the ſummer, the days are very 
long, and the nights very ſhort ; therefore the 


time, more. than -they -are cooled in the night ; 
and upon this account, the heat will keep 
increaſing in the ſummer, and for the ſame rea- 
F 5 boy: Is 


earth and air are heated by the ſun in the day= 


F 
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ſon will Gen in winter, when the ay 
| e non ne "TOE 


Pp 7 * + a7 : 
0 1 * , a4 


| Os | $OME ApPranancss WHICH DEPEND ON THE 
_ CixcLEs or THE Heavens, AND: THE PosITiON 
or THE QBSERVER IN RESPECT OF THEM. 


For the more eaſy underſtanding of theſc 
aa it will be Onur Went two | 
Wenn | 

1. That the inclination of an axis, or orbit, i 
merely relative, becauſe we compare it with 
ſome other axis, or orbit, which is not inclined 
at all, Thus our horizon being level to us, 
whatever place of the earth we are upon, we con. 
fider it as having no inclination ; and yet, if ve 
travel 90 degrees from that place. we ſhall then 
have an horizon perpendicular t to the former, but 
it will ſtill be level to us. 


2. That half of the . are viſible to al 
ee on ry, part. of the earth. | N 


'Or A PARALLEL Str 8997 
An inhabitant of the earth, who lives at either 


ofthe poles, has one of the celeſtial poles in bi 
| Zenith 


: 
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nenith, or directly over his head; the other in 
his nadir, or directly under his feet. The ce- 
Teſtial equator will coincide with the horizon ; 


ſphere, in reſpec io the horizon of a perſon who 
lives, at either pole, chat he is ſaid to live wa 
PARALLEL SPHERE. 


round by their apparent motion, in circles which. 


above the horizon, appears to revolve in a circle 
parallel to it, and at an altitude equal to his 


3 An which move above i it. 


Hence, al an inhabitant at the north pole 
has the ſun above his horizon, and therefore per- 
petual day all the-time the ſun is on the north fide 
of the equator, that is, for. ſix months together. 


and as the polar circles, the tropics, and all the 
circles of daily motion, are parallel to the 
equator, they will alſo be parallel to the horizon. 


As all the circles of daily motion are parallel 0 
the equator, it follows, that all the heavenly 
bodies, to an inhabitant at the pole, are carried 


are parallel to the horizon; (thus the ſun, when 
diſtance from the equator) and conſequently this 


motion can never make thoſe riſe, which move 
in the circles below the horizon, nor thoſe let 


It is from this poſition of the circles of the 


* 


12 | But 
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But the ſun is below his horizon, and it is night 
with him all the time the ſun is on the ſouth fide 
of the equator, which is alſo for ſix months; or, 
in other words, the ſun will be ſeen for half a 
year, and then it will be day; and it will be hid- 
den for half a year, and then it will be night. 


Or A RICRHT SpRERR. 


- If an obſerver be ſituated under the equator, 
he will have the celeſtial poles in his horizon, 
and the celeſtial equator over his head, and at 
right angles with his horizon ; the other circles 
of daily motion being parallel to the equator, are 
alfo perpendicular, or at right angles with his 
horizon ; therefore, in a right ſphere the riſing 
and ſetting of the ſun is in circles that make right 
angles with the horizon. It is from this poſition 


of theſe circles that he is ſaid to live in a RIGHT 
SPHERE, ; 


In a right ſphere, the equator, and every 
parallel to it, is divided into two equal parts by 
the horizon, one half being above, the other 
half below it; there is, therefore, a perpetual 
equinox under the equator, that is, the days and 
| Nights are equal to one another at all rimes of the 


year, 


} 
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year, each day being 12 boden long, and every 
nige of 1 ſame R FE, 


Ox a es Take 

In all other poſitions of the ſphere, exeept 
thoſe already deſcribed, the equator, and the 
circles parallel to it, are inclined to the horizon. 
In this caſe, the poſition of the ſphere is ſaid to 
be 0BLIQUE.. This poſition agrecs with all thoſe 
people who live neither under the pole, nor 
under the equator, One of the poles is elevated 
above the horizon, the other is depreſſed beneath 
it, and the equator is inclined to the horizon. 


In plate XIV. fig. * the terreſtrial globe i is in 9 
the poſition of the oblique ſphere. 


It is cviient, that in this ſituation all the 
parallels to the equator are divided by the horizon 
into two unequal parts, but the equator into 
two equal parts ; conſequently the day and night 
are never equal to an inhabi and. in an oblique 
ſphere, but when the ſun is in the equator, that 
is, twice a year, on the 20th of March, and the 
22d of September. All the reſt of the year the 
days are either longer or ſhorter than the nights; 
for the ſun, which always appears to move in 


13 „ the 
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the ecliptic, deſcribes one of the parallels to the 
| equator, which are all cut by. the horizon into 

two unequal parts. On the northern fide of the 
equator, the days are longer than the nights, as 
Jang as the fun is on the north fide of the equator ; 
but, the nights are longer than the days, wes the 
ſun isto the ſouth 5 the Equator. 


The tA of the parallels above the Wade 
is greater in proportion as they are nearer the 
elevated pole; but when the diſtance of the paral- 
lel from the pole becomes leſs than the elevation 
of the pole, then that parallel, and all thoſe which 
are included within it, are wholly above the hori- 
20on, no part of them ever ſetting or paſſing under 
it. The contrary happens in the parallels that 
are ſituated towards the depreſſed pole, a ſmaller 

portion of theſe being above the horizon, and the 

greater part lying under it. - Thoſe parallels 
which are nearer the depreſſed pole, than the ele- 
vation of the pole, or latitude of the place, re- 
main perpetually (together with the ſtars in- 
cluded within them) under the ys and are 
never viſible to us. 5 | 


In an oblique ſphere there is one parallel which 
is as far diſtant from the elevated pole, as the 
place is from the equator, This parallel is called 
8 1 N F7Y ; 7-4 the 


0 
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the tha of rerPETVAL APPABITION, or thi 
gel of all thoſe Which conflantly appear ; the 


Rars included within it never either riſe or ſer; | 


though they are at times more elevated above 


the horizon than at others. Towards the other 


pole there is another circle, oppoſite to this, 
which is the circle of PERPETUAL OCCULTATION. 


All the ſtars that are contained within this, never 
riſe, but lie hid under the horizon, and are never 


* 
"EE 
*. - 
' + 4 1% 


Ax EXPLANATION. OF THE PH&zxOMENA WHICH 
ARISE FROM THE MoT1ON or The EARTH; AND 
or THE INFERIOR Prana; Miacuar AND 
V% FOE ES SIP IA ts Bra 


It wil | be gecelhey in this piace io define 
more exactly ſome words which have been flightly 
explained before, and recall the reader's attention 
to ſome definitions that have been already given; 


and it is preſumed, that theſe repetitions will not 


— 


be an object of complaint, becauſe they will 


anſwer tlie beneficial putpoſe of grounding the 
reader more firmly iti the knowledge of the ſcience; 
to which this eſſay is Faden as an introduction. 
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| When two planets are ſeen together i in the fame 
Ggn of the zodiac, and equally advanced therein, 
they are ſaid to be in conjunction. But when 
they arc in oppoſite figns of the zodiac, they are 
faid to be in oPPosITION. Thus a planet is ſaid 
to be in oppoſition to the ſun, when the. earth | is 
between the fun 5 che planet. W | 5 


The elongation of a planet is it's -apparent 
diſtance from the ſun. When a planet is in con- 
junction with the ſun, it has no elongation ; me 


in W 3 it's e is »50 OO" 


The NODES or A PLANET'S ORBIT are thoſe n two 
Points where the orbit cuts the plane of the eclip- 
tic. We before obſerved, that the orbits of all 
the planets are inclined to the plane of the eclip- 
tic, and confequently croſs this plane. In fig. 3, 

plate III. A BCD is the plane of the ecliptic; 
E BF Ds the orbit of a planet, in which the 
points B and D are the two nodes. 


The LINg or THE NQDEs is a line B D, fuppo- 


fed to be drawn through the ſun from one node to 


the other. The LiMITS OF A PLANET'S ORBIT are 
two points in the middle between the two nodes. 
The point E is called the greateſt” northern limit, 


F the greateſt ſouthern Imit, | 
The 


1 . =, 


is ce 
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The greateſt diſtance of the earth, * of any 


planet from the ſun, is called it's ArnETIox, or 


higher apſis ; it's leaſt annals is called the” PERI- | 
HELION, or n apſis. 


3 
FL : 


Thus in oy 4, plate It. "Nt is the he of te 
aphelion, P that of the  peribelion. oe ET 


The axis P A, fig. 4, of any Bete ellipſis, is 
called the LINE OF THE APSIDES ;. the extreme 
point of it's ſhorteſt diameter T V are the places 
of it's mean diſtance from the ſun ; and 8 T,. 
or S V, the line of it's mean diſtance. 


. 


When a 8 moves n to * order 
of the ſigns, it's motion is ſaid to be prrtcT, or 
IN CONSEQUENTIA;. but when it's motion is con- 
trary to the order of the ſigns, it is {aid to be 
RETROGRADE, or IN ANTECEDENTIA. 


The nal the FANS W that any planet 
appears in, when ſeen from the center of the 
earth, is called it's GEOCENTRIC PLACE. The 
place where it would be ſeen in the celeſtial 
ſphere, by an obſerver ſuppoſed to be in the ſun, 
ls called it's HELIOCENTRIC PLACE. 


. 
„ - 
4 i Or 
% 2 q 3 6 5 
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Or rn eee or THE n blur, 
* 666 © Venus AND RES. mW. 
There is acai adde wobich an 
Inferior planet will appear in conjunction with the 
ſun one when the planet is between the ſun and 
the earth, the other when the ſun is between the 
earth and the planet. Let A, fig. 2, plate VII. 
be the earth in it's orbit, E the place of Venus in 
Her orbit E HG, 8 the ſun, FV PART D an 
arc in the ſtarry heavens. In this ſittiation the 
ſun and Venus are en the fame fide of the earth, 
and will appear in the ſame point of the heavens, 
ſo as to be in conjunction. If the earth is at A, 
and Venus at G. chk will alſo. . to be i in 
I: | 


18 


If che earth is at A, the ſun at 8. the planet 
at E, nearer to the earth than the ſun, it is called 
it's INFERIOR CONJUNCTION. But if the earth is 
at A, and the planet at G, farther from the earth 
than the ſun, this is called the SUPERIOR « con- 
JUNCTION of the planet. Fog 


If an inferior planet is at E, the . at A, 

and the ſun at 8, the elongation is nothing, the 
planet being then in it's inferior conjunction. As 
the Planet moves from E to y, it's 's elongation in- 


ereaſes: 


Wed . ; : - 
: —_—_ 
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creaſes ;: for when ĩt is at y, it appears * the line 


Ay P, while the ſun appears in the line ASQ; 
ſo that PA Quill be it's elongation. When the 
planet is arrived at x, it appears in the line Ax 
v, which is a tangent to it's orbit, and then it's 
clongation i is V AQ, which is the greateſt that 
can be on that fide the ſun; for after this, the 
elongation decreaſes. When the planet is at K, 
its elongation is PAQ; whenat.G, it is no- 
thing, becauſe it is then in it's ſuperior conjune- 
tion; as the planet moves on from G, it's 
elongation again. increaſes; for when. it comes to 
C, it appears in the line A C R, and it's elonga- 
tion is R AQ. When the planet comes to H, a 
line drawn from the earth through the planet i is a 
tangent to the orbit, and the elongation is T A Q 
the greateſt it can have when it is on the other 
ſide of the ſun; for after this, the Ponca 
* decreaſes. 


; 


Rebel it ĩs un the the inferior Slancts can 
never appear far from the ſun, but muſt always 
accompany It in it's apparent motion through the 
ecliptic. When we ſee either Venus or Mercury, 
it is either in an evening, in the weſt, ſoon after 
the ſun has ſet; or in a morning, a little before 
the ſun riſes. Venus is indeed bright enough ſome- 
times to be ſeen in the day-time, but then ſhe is 
70 | never 
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* 


never far from the ſun. The greateſt elongation 
Ki of Venus is about 40, and cf rd about 33 
ef degr fees. 

: From the apparent motions of the inferior 
planets, we derive an argument to prove the fal- 
fity of the Ptolemaic ſyſtem. If the earth was 

within the orbit of Venus, as the Ptolemaic 
ſyſtem ſuppoſes, ſhe might be ſometimes on one 
fide of the earth, whilſt the ſun is on the oppoſite 

| fide; or Venus might be ſometimes in oppoſition 
to the ſun, but Venus is never ſeen in oppoſition, 
Therefore, the earth is on the outſide of the orbit 
| of Venus, and conſequently the Ptolemaic ſyſtem 
is not true. The ſame is alſo true of Mercury. 
But this, and ſome other circumſtances relative f 
to the motions of theſe planets, will be better un- 
derſtood by a planetarium than by any diagram. 


If the earth is at A, fig. 2, plate VII. when 
Venus appears in any part of the arc E x G, ſhe 
is weſtward from the ſun, and, therefore riſes be- 
fore him in the morning, and is called the 
MORNING 8TAR. When ſhe appears any-where 

in the arc G HE, ſhe is eaſtward from the ſun, 
and therefore ſets after him; is ſeen in the even- 
ing, and is then the EVENING STAR. 


We 
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We have now to explain, why che inferior 
planets appear to move ſometimes in one direc- 
tion, ſometimes in the contrary order, and at 
other times to be ſtationary. This is cafily done 
on the Copernican ſyſtem, it being the natural 
reſult of the reſpective ſituations and motions of 
the earth and theſe planets. But on the Prole- 
maic ſyſtem it is inexplicable, without calling in 
the aid of a very complicated hypotheſis. - 


When the inferior planets are paſſing. from 
their greateſt elongation, on one fide of the ſun, 
through their ſuperior conjunction, to their great- 
eſt elongation on the other ſide, their motion, as 
viewed from the earth, is direct. In order to 
explain this propoſition, we ſhall firſt ſuppoſe the 
earth to be at reſt at A, fig. 2, plate VII. and. 
correct this ſuppoſition afterwards, by ſhewing 
that the apparent motion of Venus, or Mercury, 
ſeen from the earth, is the ſame in this reſpect, 


whether the earth moves in it's orbit, or reſts 
at A, ; 


Fg 


| The propoſition to be explained is this : that 
as Venus, for inſtance, moves from x, it's 
greateſt ' elongation on one fide of the ſun, 
through G it's ſuperior conjunction, to H it's 
greateſt elongation on the other ſide, it will ap- 
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pear to a ſpectator upon the earth to move from 
welt to eaſt, according to the order dee ht 
Wy is, it's geocentric motion will be direct. 


The planets. move. round the Fn Gs weſt to 
eaſt, and conſequently | if there was a ſpedtator at 
the ſun, they would appear to him to move 
through the zodiac, according to the order of the 
Ggns; or in other words, the heliocentric motion 
of Venus is direct. Now if the ſun, and the 
earth A, are both on the ſame ſide of the planet, 
a ſpectator at the earth is in the ſame ſituation 
with reſpect to the planet and it's motion, as if 
he had been at the ſun: for whilſt the planet is 
moving from x, through G to H, a ſpectator 
either at A or S is on the concave fide of the 
| Planet's orbit; and conſequently the Planet vill 
appear ta move in the ſame manner from either; 
but the apparent motion of the planet, when ſeen 
from the ſun, is direct, and conſequently it's mo- 
tion, when ſeen from the earth, will alſo be 
direct. „ 


When Venus is at x, it appears to a e 
en the earth at A, to be in the line A x V, or is 
ſeen among the ſtars at V; when Venus has mo- 
ved to K, it is ſeen among the fixed ſtars at P; 
| , it t has moved 0 8. it is in it's W con- 

Junction; 
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Jun&ion; when it has moved to 2 it appears 
among the fixed ſtars at R; and when it is come 
to K, it appears among the fixed ſtars at T. 
Thus whilſt Venus has moved in it's orbit from 
x, it's greateſt elongation on one fide of the ſun, 
through G it's ſuperior conjunction, to H it's 
greateſt elongation on the other fide, it appears 
to have deſcribed the arc VPOQRT in the con- 
cave ſphere of the heavens; but the letters x K 
G CH lie from weſt to caſt, becauſe they lie in 
the ſame direction that the planet moves round 
the ſun; and the letters VPORT lie in the 
fame direction with x KG C H. Therefore, as 

the planet ſeems to a ſpectator on the earth, to 
deſcribe the arc VPQRT, it's apparent mo- 


tion, ſeen from the carth, is direct, or from vet 
to caſt. | | : 


| As the infeiior planets move from their greateſt 
elongation on one fide of the ſun, through their 
inferior” conjunction, to their greateſt elongation 


on the other fide, their N motion is 
RETROGRADE, f 


Whilſt Vas for inſtance, is moving from 
it's greateſt elongation II, plate VII. fig. 3, 
through it's inferior conjunction E, to it's other 
greateſt elongation x, it appears to a ſpectator 


'2 . upon 
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| upon the earth at A, to move backwards, or 
From eaſt to . RET to the order, of the 


1 * 1 12 


A ſpeddator at the ſun is on the concave ſide of 
the planet's orbit. But whilſt Venus is moving 
from it's greateſt elongation H on one. ſide, 
through E it's inferior conjunction, to x it's 
greateſt elongation on the other ſide, a ſpectator 
upon the earth is on the convex "oye of it's 
orbit. | 


Therefore, if a ſpeQator at the ſun S would ſee 
the planet move one way, a ſpectator at the earth 
A vill ſee it move the contrary way; or the geo- 
centric motion will be contrary to it's heliocentric 
motion, and therefore retrograde ; for as ſeen 
from the 1 7 it's motion is e direct. 


That two 1 pectatars, one at the 1 the 
other at the ſun, as they are on contrary ſides of 
the arc HE x, will ſee the planet apparently 
move contrary ways, may be rendered more plain 
by the following familiar conſideration. If two 
men ſtand with their faces towards each other, 
and a ball is rolled along upon the ground, this 

ball will move from the right hand of one of the 


men towards his lf, and from the left hand of Inſta 
. the 8 
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the öther to unde his right. In like manner, if 
one man is at che earth A, and the other at the 
ſun 8, then whilſt the planet is deſcribing the are 
He x which is between them, it will appear to 
move ſrom the right hand of the man at S tos 
wards his left, and from the left band of the man 
at A dates 7:-4 _ * 


wuült ine motion of Vis ie Bite, of Fo 
it is deſcribing the arc x G H, it appeats to move 
from V to T, among the fixed ſtars. But aſter it 
has been carried in it's btbit from H to O, it ap. 
pears in the line A z R, and is ſeen among the 
fixed ars a R. Whein it cmes to E, it appears 
at Q; and when at y, it's apparent place in the 
heavens is at P. Thus as the planet paſſes from 
it's greateſt elongation H on one fide of the ſun, 
through it's inferior conjunction E, to it's greateſt 
elongation x on the 2 0 it 2 tO runs 
back from VF 0 N 


17 N 


vendi is abe or has no apparent a 1 
for ſome time; when it is at it's greateſt elonga« 2 
tion; thatis, when it is at H or x, and it's aps 
parent place in eicher at T r V. „ 


When either of the infetiot "OT Venus fot 


line 


* 3 — 


inſtance, is at it's — Hor x, — 5 


fi a point is ſo near to the tangent, as not to be diſ- 
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A en from he cant through the planet, 4 
AHT, or Ax V, is. a angent 10 the, orbit. 
| Now aliough-a right line touches a circle. but in 
one point, yet ſome part of the circle greater than 


tinguiſhed from it. Thus the arc bd ſo nearly 
coincides with the tangent A H I, chat a ſpefia- 
tor's eye placed at A, could not diſtinguiſh the 
quently, while rhe planet is deſeribing this arc, 
no other change will be made in it's geogentric 
place, than if it was eee 


2117 


3 the ee hes 4 the ae 
not be altered, if the planet was to move. in the 
tangent. For if it was to move from I towards 
A, or from A to V, the apparent place of it in the 
heavens would in one caſe be at I, in che other 
caſe at V. Therefore, while the planet is at it" 
greateſt elongation, and is deſcribing a, {mall arc 
in it's orbit, that nearly coincides with the tan- 
gent, it's geocentric place does nat alter, but i 
appears to continue for ſome time. ah te fame 
part of the en or is ſtationary. 


We have 1 FRF the a to be af 
reſt, and upon that, ſuppoſitian have explain 
he progreſs. and gels, the conjunction and 


ations 


Pry 


k 

3 
* 
N- 
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{taions of ahę inferior planets. If his ſuppoſ- 
tion was t, T, or che arg which the planet 
at any time deſcribes in its ꝓtegreſa, and I V, 
the are which it deſcribes in it's regreſs, would 


always bein dhe fame part af the heavens. The 


planet, When in canjundtion, Would always ay- 
Pear at <Q, among the ſame fixed:ſiars.; and at 


it's elongatian, ar when # is ſtationary, it would 


always appear among the ſame fixed ſtats T.qn 
eee eee ee c 


ICs 


Bur hip Guppaſtion is por dme: fend: can 


revolves im it's orbit A B-O-round. the ſun. No 


if the earth is at A, the time of either comunc- 
tion, the ꝓlanet at this conjunction: would appear 
among the fixed ſtars at Q, and the arcs of the 
greateſt elangation Q and Q. would be on 
each ſide of thoſe ſtam. But if che earth. is at B. 
at the time of either of the conjunctions, then at 
the time of this conjunction, the planst will ap- 
per in the line BS T, and be ſeen, among che 
fired tam at T, and the arcs of the greateſt alou- 
gation will be on each ſide of theſe ſtars, that is, 


the conjundtions ond elongations Will happem in a 


d ißeredt. part of theiheavens, Khan the garth is 


at, from hat they happen wihen the earth is. at 
A; in other reſpects, the foregoing phænamena 


wil * much the ſame, Wen the mo- 


* Leg tion 
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nas; bely the m will be mote 
direct in the fartheſt ore of amen and leſs 


nee eee, * is 5. 


* - 
3 08 * 122 4 * 4 


9 


The inferior planets WG * very near 
che ſun ; but by the motion of the earth in it's 


orbit, the ſun appears in different parts of the 
| heavens, in different times of the year. There- 
fore, the inferior planets, as they are always very 
near the ſun, will alſo appear in different parts of 
the heavens, at different times of the year. And 
conſequently, their conjunctions and greateſt 
elongations will ſometimes happen when they are 
in'one part of the heavens, and ſometimes when 
they are in another part. Venus ſeen from the 
earth, will appear to vibrate in an arc VT, half 
of which is on one ſide of the ſun's appatent 
de and ace be in Jo b 
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8 ane dies ule . 


rior, moves apparently retrograde, the ſupetior 
mann alſo an en, neee motion. 


When a ines n waſh I an inks 
5 How; appears ſtationary, the inferior planet viewed 
at the ne time framn"rhe on nr is. alſo 
N.. oct Me £0) 


3 
my 
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- -- Thete.is/alſo another particular to be taken 


———— with regard to the apparent wotion of 
the inferior planets, viz. that they do not ſeem to 
deſcribe the ecliptic in the heavens: as the ſun 
does, but are obſerved to be ſometimes above, 
and ſometimes below it. The reaſon of this is, 
chat their orbits are inclined to the plane of the 
earth's, having one-half above it, and the other 
below it, on which account they interſect the 


plane of the ecliptic, in a plane that paſſes through 


the center of the ſun ; this line is ealled the line 
of the nodes. Theſe planets, therefore, never 
appear in the ecliptic, except when they are 
in their nodes; in all other parts of their orbit 
they ſeem to be more or leſs diſtant from it, ac- 


nnn 


The dme of a 3 ps the n as 


it would appear if ſeen from the center of the. 


earth, is called it's GEOCENTRIC LATITUDE; as it 


would appear n mee is called 
it's HELTOCENTRIC LATITUDE, | 


Or THE SUPERIOR PLaxars. 


We Wes cls ſerves, Fen ah WP 
clongation of either of the inferior planets is leſs 


pe - than 


contig hp nf fruared with reſpe$t to them. 


* 0 
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hes hy dgpces or u gener of « chli, thr 
they art never far from the ſun, hut conſtantiy 


attend ĩt. But the ſuperior planets do not always 


accompany the ſun, as we have ſhewn that the 
inſerior one do; they ave indeed ſornetimes in 
conjunction with it, but them they are-alfo-ſobie- 
L yy EY! er pe e be, e 


rep 


| likes 8. an ut be e nag A'B 0 D 
the orbit of any ſuperior planet, Mars ſor in- 
ſtance: E F G the earth's orbit. I ihe earth be 
at E, the fun at 8, and the planet at Dy the ſun 
and the planet will be both on the fame fide of 
the earth, and eonfequently che planet wil ap- 
Pear in conjunction with the ſun; but as che orbit 
of the earth is between the ſun and the orbit of a 
ſuperior planet, it is poſſible for the earth to be 
between the ſun and the planet. In this ſitua- 
tion the planet and the ſun are on oppoſite ſides 
of the earth, or the planet is in oppoſition: thus, 
if when the earth is at E, ep ny _ 
then in oppolirion to the fun. Ls 


A ſuperior dener is in ab with ths fan | 
when it's geocentric place is go degrees from the 
geocentric place of the ſun ; thus if the earth be 
at E, and Mars at B or C, he is in quadrature 
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with the ſun; for the lines AE, EB. ms 
e Wund ca 


As che FAN = MY in ef 1 If 


in a leſs orbit than any of the ſuperior planets, it 
will not be amiſs to ſuppoſe a ſuperior planet to 
ſtand ſtill in ſome part of it's orbit, while ths 
earth goes once round the fum in her's, and cen- 
ſider the appearances the planets would ther: 
have, which are theſe: 1. While the earth is in 
her moſt diſtant ſemicircle, the apparent motion 
of the planet would be direct. 2. While the 
earth js in her neareft femicircle, the planer 
would be retrograde. 3. While the earth is near 
the points of contact of a line drawn from the 
planet, fo as to be a rangent to the Aa ws 
the planet woche be . | 


Let A BCDEFGH, Slate VIII fig.. 1, be : 
the orbit of the earth, S the fun, P Q O the 
orbit of Mars, L MEN T an arc of the ecliptic. 
Let us ſuppoſe the planet Mars to continue at P, 
while the earth goes round in her orbit, according 
to the prder of the letters A B C, &e. ABCD © - 
EFG H may be conſidered as fo many ſtations, | 
from whence an inhabirant of the earth would 
view Mars ar different times of the year; and if 
ſtrait lines be drawn from each of thefe ſtations, 


K4 en 
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through Mars at P. ei 


they will point gut the apparent place Nn. 
bh Nt theſe different Rajions. 


Jira7 
Thus be the * at A; m—_ will 
be ſeen among the ſtars at L.; when. the earth is | 
ie at B, the planet will appear at M; and 
in the ſame manner when at C P and E, it will 
be ſeen among the ſtars at NR T; therefore, 
while the earth moves over the large part of the 
orbic A B C DE, the planet will have ag apparent 
motion from L to IT. and this motion is from 
veſt to eaſt, or the ſame way with the earth; and 
the planet is ſaid to move direct, or according tg 
the order of the ſigns. When the earth. is, near 
10 A and E, the point of contact of the tangent 
to the earth's orbit, the planet will be ſtationar 
for a ſhort ſpace of time. 80 


Wen the oak © moves 33 EwBH, 7 . 
net ſeems to return from I to N; and while it 
moves from H to A, it will be. retrograde to L. 
where it will again he ſtationary : and ſince the 
part of the orbit which the earth deſcribes. in 
paſſing from A to E, is much greater than the 
part, EH P, though the ſpace T L. which the 
planet deſcribes i in direct and retrograde motion 


is the ſame, the direct motion from L to T muſt 
be 


Ro 
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T 0s SA fotos is | 


8 0. a ee e 0 
through Sand P to the ecliptic, ſhews that Mars 
is then in conjunction with the ſun. But when 
che earth is at H, a line drawn from H through 
P, and continued to the ecliptic, would termi- 
nate in a point oppoſite to S; that is, in this 
ſituation Mars would be in oppoſition to the ſun. 
Thus it appears that the motion of Mars is direct 
when in conjunction, and Os when i in 
oppoſition, 


The 3 motions of the opener om 
happen oftener, the ſlower their motions are; as 
the retrograde motion of the inferior planets hap- 
pen oftener, the ſwiſter their angular motions, 
Becauſe the retrograde motions of the ſuperior 
planets depend upon the . motions of the earth; 
but thoſe of the inferior. on their own angular 
motion, A ſuperior one. is retrograde once in 
cach revolution'of the earth ; an inferior one in 
eyery revolution of i it's on. 


þ - 


The fuperior, planets are fornerimies nearer the 
earth than at other times; they alſo appear larger, 
or ſmaller, according to their different diſtances. 

| 5 DS b ; | ; from 


om us. Thus ſuppoſe the earth to be # C; if 


we 


than it would at P; in other places, ihe diſtances 


greater in Mars than in Jopiter, a and ere in 


"oh appear in the ecliptic, their orbits being 
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Mars be at E, he is the whole diameter of the 
earth's orbit nearer to us, than if he were at V. 
and conſequentlyhis diſe muſt appear larger at V 


ARE N ern are me WA. 


($51 $6473 4 4 4 5 4 8 the 7; # '"% 


The Gee oh the eurthte orbit Wo 2 


greater ratio to the diameter of the orbit of Mars, 
than it does to the diameter of the orbit of Jupi- 
ter; and # greater to that of Jupiter, than of 


Saturn; and conſequently the difference between | 


the greateſt and leaſt apparent diameters is 


oper ons in hum NTT Gogh 


1 . 5 
* : 5. | 


The Rl like the inferior ate 18 not 


inclined alſo to that of the earth; one-half is 
therefore above the ecliptic, the other half below 
it, nor are they ever ſeen 1 in Sb yhew ey are 
a ny nodes, N 


a 


1 . | 

1 1 two planets happen to be in con- 

junction, at the time they come near the node df 

one of them, they would be feen from the ſun 

apparently to touch one another; and the fartheſt 

N gas 1 8525 from the fon, yould fee v 
| _ Heare 


* 
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o them, the ſun being then directly between 


' N 
* 1 07 
o 1 * * 
, . 
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That the e are e all abs or 1 4 en 


ceive from the ſun, is plain, becauſe they are not 
viſible when they are in ſuch parts of their orbits 
as ate between the ſun and earth, that is, when 
inn _ is 3 from us. 


-cDd a. * — Man. Afi 


Thefun ances balf'a N at once: 


is turned towards the ſun, the other hemiſphere 
of the planet is dark. To ſpeak with accuracy, 
the ſun being larger than any of the planets, will 
illuminate rather more than half; but this differ- 
ence, on account of the great diſtanee of the ſun 
from y of the planets, is en. that it s light 
may 


cithincctit over the face of the fun, like i 
black ſpot, being then directly between the ſun 
and the remoter planet. So the planet Venus 
was obſerved from che earth; in the tranſus of the 
years 1761, and 1769. Alſo, ſhould an oppo- 
ſion of two planets happen near a node of one 


b een bis ae wen er dee de ar 85 


N THEIR / NOPE" e THE orgs © 


and conſequently ſhine only by the light they re- 


the illuminated hemiſphere is always that whiche 


- 


As 


wing 
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Songs: eonfiderad as coming to es 
een whey vt $1909 aft 2 i 8 
F 82 1 1 „ eee e 7 
eee e bodies ab caſt a ſhadow 
behind them, which is always oppoſite to the ſun. 
The line in the planet's body, which diſtinguiſhes 
the lucid from the obſcure: part, appears ſome. 
times | ſtrait, ſometimes 'croaked. ' The convex 
part of the curve is ſometimes towards the ſplen- 
did, and the-concave towards that which 1s ob- 
ſcure, and vice verſa, according to the ſituation 
of the eye with reſpect to the planet, nr and the 
on" _ WA i the 888 


15 — 45 * 4% 7 233 (00463 6 11777 


o 
* 
x 1 


— the inferior Wen going round: the ſun 
in leſs orbits than our earth does, will ſometimes 
have more, ſometimes: leſs of their illuminated 
ſide towards us; and as it is the illuminated part 
only which is viſible to us, Mercury and Venus 
will, through a good teleſcope, exhibit the ſeve- 


ral appearances of the moon, from a _ thin ; 
excicent to —_ eee As i000 0 p 
N t 

x we view. Vern mesh a e when s 
ſhe follows the ſun's rays on the eaſtern fide, and i © 
appears above the horizon: after ſun-ſer, we ſhall Wi ** 
ſee her appear nearly round, and but ſmall ; fi: Wil © 


is et that time beyond the ſun,” and preſenta to us 


an 


more enlightened every day, till ſhe is arrived at 
1 2M 1, wo 


her apparent roundneſs, and appearing ſuc- 


ceſſively like the moon, in the different ſtages of - 
her decreaſe. At length, when ſhe is at her 


greateſt elongation, i ſhe'is like the moon in her 


firſt quarter, ON e e 
* ſhe has ne anne 


i : + 7 


"Adin 0 whos ape (in e) ; 


to the ſun, ſhe appears concave in her illumina- 
ted part, as the moon when ſhe forms a creſcent; 


thus ſhe-continues till ſne is hid entirely in the 


ſun's rays, and preſents to us her whole dark 


hemiſphere, as the moon does e 


renn e e 


1 


Alter this. aſa he a out of ws une 
rays on the weſtern ſide, we ſee. her in the morn- 


ing, juſt before day: break. It is in this ſituation 
that Venus is called the morning ſtar, as in the 


other ſhe is called the evening ſtar. She at this 


time appears very beautiful, like a ſine thin creſ- 
cent; juſt a verge of ſilver light is ſeen on her 


edge. From this period ſhe grows more and 


her 


$ ” 


a as rxon OMICAL' s. 137 


10 enlightened hemiſphere. As ſfee departs fm 
the ſun towards tlie caſt, the augments in her 
apparent ſize'; and on viewing her through a 5 
teleſcope; is ſeen to alter her figure; abating of 


YI 


1 6 1 — | 


her. greateſt digreſſion or clongitiany eben the 
again appears as a half moan, or as the moon in 
her firſt quarter; from this time, if continued to 
the viewed with a tcleſcope, {be is found to be 


Iphere is towards the earth, and ſhe is thereſor 


while decreaſing in magnitude, and thus con- 
tinues growing ſmaller and e 5 * 


n hid or loſt inghe ſun's rays, - 


fie ans plats I. taperſents the ons 


of Venus and the earth, with the ſun in the cen- 


ter of them. The planet Venus is drawn-in eight 
ſpheres towards the ſun. f ve ſuppaſe the earth 
to be at T, when Venus is at A, her dark hemi- 


inviſible, except the conjunction happens in her 
node, for then ſhe appears like a dark: fpot upon 
the diſc of the ſun. When Venus is at B, a lit- 
tleſof her enlightened ſide is turned towards the 


cearth, and therefore ſhe appears ſharp homed; 


heniſhe is at C, half herenlightene(hemiſpherc- 
s turned towards the earth, and ſhe appears like 
an half moon; at D, more: than half her:enlight- 
ened hemiſphere is towards us, and ſhe appean 
like the moon about three days before it is full 
at E, the whole enlightened hemiſpheie is lo- 
wards che earth, Venus: is then either behind -the 
9 99 . ſup, 


6 
. x, — 
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ſeen; but if ſhe could, ſhe would appear round. 
like che full moon. At F he. is like the moon 
three days aſter che ſull; at G like a half moon 
again; at I like a creſcent, with the points of 
the horns turned the contrary way to what they 
were at B. All this is equally applicable to 


Fig. 2, plate XII, exhibits the ſeveral appear- 
ances of Venus, correſponding. to their ſeveral 
ſituations in the foregoing figure; thus when 
Venus is at A, fig. 1, ſhe is quite dark, as at A, 


fig. 2; when ſhe is at B, ig. „ . 
* | 


The. 1 e not "Give brighteſt 
when they are full ; thus Venus does not appear 
brighteſt, in her ſuperior conjunction, though her 


illuminated hemulphene he then turned towards 
us, Her ſplendor is more diminiſhed by ber 
being at a greater diſtance from us, than the con · 


ſpicuous part of her illuminated diſc is increaſed. 
Dr. Halley has ſhewn, that Venus is brighteſt 
when her clongation from the ſun. is about 40 


degrees, Mercury is in his greateſt brightness, 
ven "oY. near his utmoſt elongation. 


2 
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The ſuperior planets going round che ſun in 
aye orbits than the earth, always turn much 
the greater part of their enlightened hemiſphere 
towards it, and therefore appear round, like the 
| full moon, except Mars, who ſometimes appears 
like abs oem ars ROE omen? ah * 


. lt hands are 0 remote, ths whey 
turn very nearly the ſame hemiſphere towards us 
that they do towards the ſun ; for whieh reaſon, 
thoſe planets always "_ e wee the 
. Ae nde | 


"OO THE Moon! 8 | Motion. 


Ie has been already obſerved, that four of the 
primary planets, the earth, Jupiter, Satutn, and 
the Georgium Sidus, are, in their revolutions 
round che ſun, attended by ſecondary planets. 
As the moon turns round the earth, enlighten- 
ing our nights, by reflecting the light ſhe receives 
from the fun, ſo do the other ſatellites enlighten 
| the planets to which they belong, and move 
round thoſe planets at different periods of time, 
proportioned to their ſeveral diſtances ; and as 
the moon keeps company with this earth, in it's 
annual revolution round the ſun, ſo do they ſeve- 


rally accompany the planets to which they belong 
* | BR og” 


Aer e 6 


in Tg 8 dune wund that bone. 


0 We wel teak hes duties whith 
of all the Heavenly bodies, excepting che ſun, is 


the moſt ſplendid and brilliant, the inſeperable | 
cope, and itenidarit of our earth. © 45 


If we e of the ubm Gibit d to 
be extehded to the ſphere of the heaven, it would 
mark therein a great circle, which may be called 
the mobn's apparent orbit; becauſe the moon 
appears to the inhabitants of the earth to move in 

that circle; through the as lens of mn. 
| 1 a PIE m 


nam BrO, Ag 3. blade XI be the 
orbit of the karth, S the fun, a be d the orbit of 


the moon, when the earth is at Ei let A BCD 
be a great circle in the ſphere of the heaven, in 
the ſame plane with the moon's orbit. The 
moon, by going round her orbit according to the 
order of letters, appears to an inhabitant bf the 
earth to go round in the great cirele A BC D, 
according to the order of thoſe letters i fr when 
the moon is at a, ſeen from the tarth at E, The 
appears at A; when the moon is got to b, ſhe 
appears 8 Ne r odio; Leaks. C; 

"Tf N when 


\ 
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when derived 16 the will appear at D. It is 
true, when the moon is at b, the viſual line 
drawn from E, through the moon, terminates in 
L; as it does in M, when the moon is at d; 
but the lines L. M and DB being parallel, and 
not farther diftant from each other than the diſ- 
tance of the earth's orbit, are as to ſenſe coinci- 
dent, their diſtance meaſured in the ſphere of the 
heaven is inſenſible; for the ſame reaſon, though 
the earth moves from E to F, in the time that the 
moon goes round her orbit, ſo that at the end of 
a periodical month the moon will be at a, and is 
ſeen from the earth at , in the line FN; the 
moon will, notwithſtanding, appear at A, the 
lines FN and E A being parallel, and as to ſenſe 
coincident : in like manner, in whatever part of 
ber orbit the earth is, as at H or I, the moon, 
by going round in her orbit, will appear to an 
inhabitant of the earth to go n in 255 great 
circle ABCD. 


The plane of the moon's orbit extended in the 
heavens, cuts the ecliptic in two oppoſite points. 
The two points where the moon's apparent orbit 
thus cuts the ecliptic, are called the Moon's 
vopks. The point where the moon appears 10 
croſs the ecliptic, as ſhe. goes into north latitude, 


is * the moon's pi node, of whic 
this 


this is che charablet Q ; the point where the mom 
goes into ſouth latitude is her deſcending node, 
and is marked thus B; the moon's aſcending 


ſcending node is called the dragon's tail. The 
line of the moon's node is a line drawn mn one 
node to the other. The moon, therefore, ap- 
pears in the ecliptic only when ſhe is in one of 
her nodes; in all other parts of her orbit ſhe is 

either in north or ſouth latitude, ſometimes near- 

er to, ſometimes further removed from the eclip- 
tic, according as ſne happens to Be more or . 

diſtant from RE aaa 823 we, | 


The extretnities of the line of the dev are not 
always directed towards the ſame points of the 
ecliptic, but continually ſhift their places from 
eaſt to weſt, or contrary to the order of the ſigns, 
performing an entire revolution about the earth, 
in the ſpace of nn leſa than nineteen 


years. 


When the Ry in which hen moon appears © 
an inhabitant of the earth, is the ſame with the 
ſun's place, ſhe is ſaid to be in conjuncT1ON. 
When the moon's place is oppoſite to the ſun's 
place, ſhe is ſaid to be in oxyostTIONn. When 
lhe is a HO a circle diſtant from the ſun, 
L 2 


node is'often called the dragon's head; her de- 
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me is faid to be in dpäblATb Rl Both Me con! 


Junction and wu yp 1 1 eve eee e 
s 1 bs * 'F Ut 


, 
4 4 


he common lunar oO. or Ronen Gs u 
paſſes between any new moon and the next that 
follows it, is called A engel e * 
e le e | 


1 ” vs * 2 . ER ; * 
i A i 


A F®RIOBL-Mow#Hi det time — wes 
up to deſcribe her orbit; or iti other words, the 
time in which the moon performs on entire revo. 
lution about the earth, froth” ny 0 e in the 
eng to the e again. 1 


oy 


1 the earth had 0 revolution! nds he ſun, 
or the ſun no apparent motion' in 'the ecliptic, 
jones and ſynodical month would be the 
ſame ; but as this is not the caſe, the moon takes 
up a longer time to paſs from one conjunction to 
the next, than to deſcribe it's whole orbit; orthe 
time between one new moon and the next is lon- 
ger than the moon's periodical time. The 
difference between thoſe two inonths is . 
. 8 


The moon tevolves vodtid Gene from wif 
to caft, and the ſun apparently revolves round 9 


ed 
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earth the ſame way. Now at the new moon, or 
when the ſun and moon are in conjunction, they 
both ſet out from the ſame place, to move the 
ſame way round the earth; but the moon moves 
much faſter than the ſun,” and conſequently will 
overtake itz and when the me me 
1. it he: bear new NONE.” o 

If theſu 6 in the eclip- | 
tic, the moon would come up to it, or be in con- 
junction again, after it had gone once round in 
it's orbit; but as the ſun moves forward in the 
ecliptic, hilſt the moon is going round, the 
moon muſt move a little more than once round, 
before it comes even with the ſun, or before it 
comes to conjunction. Hence it is that the time 
between one conjunction, and the next in ſuc- 
ceſſion, is ſomerhing more than the time the 
moon takes up to go once round it's orbit; or a 
th nodical month is wet than a e one. 


1 3, der IX. let J be the ſun, CF a 
part of the earth's orbit, M D a diameter of the 
moon's orbit when the earth is at A, and md 
another diameter parallel to the former, when the 
earth is at B. Whilſt the earth is at A, if the 
moon be at D. ſhe will be in conjunction; and 
if the earth was to continue at A, when the moon 
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had gone once round it's orbit, from D chrough | 
NM, ſo as to return to D again, it would again be 
in conjunction. Therefore, upon the ſuppoſition 
that the earth has no motion in it's orbit, the pe- 
riodical and ſynodical months would be equal to 
one another. But as the earth does not continue 
at A, it will move forwards i in-it's orbit, during 
the revolution of the moon from A to B; and as | 
the moon's orbit moves with it, the diameter M 
D will then be in the poſition m d; therefore, 
when the moon has deſcribed. it's orbit, it will 
be at d in this diameter m d; but if the moon is 
at d, and the ſun at S, the moon will not be in 
conjunction, conſequently the periodical month 
is completed before the ſynodical. The moon, 
in order to come to conjunction, when the earth 
is at B, muſt be at e, in the diameter ef; or be- 
ſides going once round in it's orbit, it muſt alſo 
deſcribe the arc de. . The ſynodical month is, 
therefore, longer than the periodical, by the time | 
the moon takes up to deſcribe the arc de, 


This may be alſo explained in another manner, 
by conſidering the motion of the ſun; a view of 
the ſubje&; that may render it more eaſy to ſome 
young minds than the ſoregoing. Thus let us 
ſuppoſe the earth at reſt at E, fig · 4, plate IX. 
M the moon in cαννee with the ſun at 8. 


while 


9 
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while the moon deſcribes Lage Nos | 


; che earth at E, ler the fun aqyance by his appa- 
rent annual motion from S to D. It is plain 


that the moon will not come in conjundtion with 


the ſun again, till, beſides ſcribing her orbit, Jy 


| ſhe hath deſcribed; over and above, the arch 
MFE, nnn enn | 


5 n a ie 
Caller. orbit than that in which the earth re- 
volves round the ſun, ſometimes more, ſome- 
times leſs, and ſometimes no part of her enlight- 
ened half will be towards us; hence the different 
; phaſes and e of the moon. 


The ſull moon, or vin is that flate Fa 
which her whole diſk is enlightened, and we ſee 
it all-bright, and of a circular figure. The new 
moon is when ſhe is in conjunction with the ſun ; 


in this ſtate, the whole ſurface turned towards us 
is dark, and ſhe is therefore inviſible to us. 


The firqt quarter of the moon ſhe appears in 
the form of a ſemicircle, whoſe circumference is 
turned towards the weſt. At the laſt quarter, ſhe 
appears again under the form of a ſemicircle, but 
with the circumterence turned towards the eaſt. 


11 3 
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- Theſe phaſes may be illuſtrated. in a very plea- 
Gng manner to the: pupil, by expoſing an ivory | 
ball to the ſun, in a variety of poſitions, by which | 
it may preſent a greater or ſmaller part af it's 

illuminated ſurface to the abſerver. If it he held 
nearly in oppoſition, ſo that the eye of the obſer- 
ver may be almoſt immediately between it and 
the ſun, the greateſt part of the enlightened ſide 
will by ſeen; but if it be moved in a circular 

orbit, towards the ſun, the viſible enlightened 
part will gradually decreaſe, and at laſt difappear; 
when the ball is held directly towards the fun, 
Or to apply the experiment more immediately to 
our purpoſe ; if the ball, at any time when the 
ſun and moon are both viſible, be held directly 
between the eye of the obſerver and the moon, 
| that part of the ball on which the ſun ſhines, will 


FF tame n as en moon 
l. 


The . of the moon, like thoſe of Venus, 
may alſo be illuſtrated by a diagram; thus in fig. 
1, plate X let S be the fun, T the earth, ABC 
DE FG H the orbit of the moon. The 1700 
obſervation to be deduced from this figure, is, 
| that the half of the earth and moon which is _ 
wards the ſun, is wholly enlightened: by it; and 
the other half, which is turned from it, is totally 
1 e dark. 
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* [When the moon is sse baun 
the ſun at A, het enlightened hemiſphere is 
turned towards the ſun, and the dark one to- 
wards the earth; in which caſe, we cannot ſee 
her, and it is ſaid to be new moon, When the 
moon has moved from A to B, a ſmall portion 

a b of her enligtitened hemiſphere will be turned 
towards the earth ; which portion will appear of 
the ſorm repteſtnted at B, fig. 2, plate X (a 
e ee e e m e 
1 Li! 


+, 


As POIs baſic in her orbit . | 
to the order of the letters, more and more of her 
enlightened part is turned towards the earth. 
When-ſhe arrives at C, in which poſition ſhe is 
ſaid to be in quadrature, one-half of that part to- 
wards the earth is enlightened, appearing as at C 
among the phaſes; this appearance is called a 
half moan. When ſhe comes to D, the greateſt. 
part of that half which is towards us is enlight- 
ened; the moon is then ſaid to be gil and 
of eee * 11 at D, in 1 0 . 


We anda comes to E, ſhe is in oppo» 
ſition to the ſun, and conſequently turns all her 
illuminated ſurface towards the earth, and ſhines. 
with a full face, = which reaſon ſhe is called a 

| f full 


4 
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full moon; As ſhe paſſes * 


of her orbit, from E by F G, and H to A again, 
ſne puts on the ſame faces as beſore, whe! Ma 


| ws" order e a ens 


7 


ab the moon, by Aden gde b Sw the 0 


illuminates the earth, ſo the earth does more than 
repay her kindneſs, in enlightening the ſurface of 


the moon, by the ſun's reflex light, which ſhe 


diffuſes more. abundantly upon the moon, than 


the moon does upon us; for the ſurface of the 


earth is conſiderably greater than that of the 
moon, and conſequently: if both bodies reflect 


light in proportion to their ſize, the earth will 


reflect much more light _ the adn; _ it 


receives from 1 it. 


In new moon, the illuminated ſide of the earth 
is fully turned towards the moon, and the Luna- 


rians will have a full earth, as we, in a ſimilar 
poſition, have a full moon. And from thence 


ariſes that dim light which is obſerved in the old 


and new moons, whereby, beſides the bright and 
ſhining horns, we can perceive the reſt of her 
body behind them, though but dark and obſcure. 


Now when the moon comes to be in oppoſition 


to the ſun, the earth, ſeen from the moon, will 
TO in conjunction with him, and it's dark 
| ſide 
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fide will be turned towards the moon, in which 
poſition the earth will be inviſible to the Luna- / 
rians ; aſter this, the earth will appear to them 
as a creſcent. + In a word, the earth exhibits the 
ſame appearance to the inhabitants as he, n 
es ee e e x8 e is 


"arms Xa it's own nde che 
ſame time that it moves round the earth; it is on 
this account that ſhe always preſents the ſame face 
to us: for by this motion round her axis, ſhe 
turns juſt ſo much of her ſurface. conſtantly to- 


wards us, as by her motion __ the earth would 
be turned from us. 


is motion * ho axis is Ao and 1 uni- 
form, but that about the carth is unequal and 
Irregular, as being performed in an ellipſis, con- 
ſequently the ſame preciſe part of the moon's 
ſurface. can never be ſhewn conſtantly to the 
earth; which is confirmed by a teleſcope, by 
which we oſten obſerve a little ſegment on the 

aer n and weſtern limb, appear and diſappear 
by turns, as if her body librated to and fro; this 
phænomenon is called the moon's libration. The 
lunar motions are ſubject to ſeveral other irregu- = 
larities, which are fully diſcuſſed i in the . 
works on aſtronomy; 


'2 | | Or 
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G bf {3-3 ; * * 
19 6 0 o. Beuren. 5 


5 \ Thoſe. 3 that. are 8 
were in farmer ages bebeld with terror and 
amazement, and looked upon as prodigies that 
portended calamity and miſery to mankind. 
Theſe fears, and the erroneous opinions which 
produced them, had their ſource in the hierogly- 
phical language of the firſt inhabitants of the 
earth. We do not, however, imagine that even 
the moſt ancient of theſe knew any more of the 
laws and motions of the heavenly bodies, than 
chat could be diſcovered from immediate fight ; 
or that they knew enough of the lunar ſyſtem to 
calculate an eclipſe, or even that _w_ ever at- 
RR it. 5 


The al FCLIPSE is 1 from heb Greek, 
and ſignifies dereliction, a fainting away, or 
ſwooning. Now as the moon falls into the 
ſhadow of the earth, and is deprived of the ſun's 
enlivening rays, at the time of her greateſt bright- 
_ neſs, and even appears pale and languid before 
her obſcuration, lunar eclipſes were called NI 
LABORES, the ſtruggles or labours of the moon; 
to relieve her from theſe -imagined diſtreſſes, 
ſuperſtition adopted nn as Gage as m 
were abſurd. : Os et 


When 


arrtιο,jj˖,ze 516. 739 


| When „ own, by paſſing between us and 
the ſun, deprived the earth of it's light and heat, 
the ſun was thought to turn away his face, as ff in 
abhorrenee of the ecrimes of mankind, and te 
threaten everlaſting night and deſtruction to the 
world. But thanks to the advancetnent ef 
ſcietice, which; while it has delivered us from the 
fooliſh fears and idle apprehenſions of the an- 
cients, leaves us in poſſeſſion of their repreſen- 
tative knowledge; enables us to explain the ap- 
peatances on which it mme wo a mae 
mn ee en een We ry Set 


% 


Afi bah en white cer 5 


che fun, will caſt a ſhadow behind it. This 
ſhaddw is a ſpace deprived of light, into which 
if another body comes, it cannot be ſech for want 
of light ; the body thus res n the 
ſhadow, is ſaid to be zcLIPsRD. 


Halo there muſt be three bodies caticeriied in 
an eclipſe; 1. the luminous body; 2. the opake 
body, that caſts hep ene and, 3. the- pf 
en inthe wage 


42 9 


— een wn ws — 


LS 85.4 


* een 


D _ n or THE' Mook,” 


"444 18 4 


10 the i b * with: ne by 
the ſun, it will caſt a ſhadow towards thoſe parts 


that are oppoſite to the ſun, and the axis of this 


ſhadow will always be in the plane of the ecliptic, 
becauſe both. the ſun ns Ra: are always 
2 i ee eee ally en e 


de den Kae ne Sberten 
1 ; if they were, therefore, of an equal ſize, 
the ſnadow of the earth would be cylindrical, as 
in fig. 5, plate IX. and would continue of the 


fame breadth at all diſtances from the earth, and 


would conſequently extend to an infinite diſtance, 
fo. that Mars, Jupiter, or Saturn, might be 
eclipſed by it; but as theſe planets are never 
eclipſed by the earth, this is not the ſhape of the 
ſhadow, and conſequently | the cathy 1s not, eg 
in ſize to the ſun. 


0 it the fun were leſs than the earth, the ſhadow 
would be wider, the farther it'was from the earth, 
ſee fig. 6, plate IX. and would: therefore reach 
to the orbits of Jupiter and Saturn, and eclipſe 
any of theſe planets when the earth came between 
the ſun and them; but the earth never eclipfes 


RE, Ty this is not the ſhape of it's 
8 0 
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nab and conſequent the ha! is not 4 | 
We $741 we Se . Nn, 


+ + 
& 7 4 


1 Fin . e is den 
eee to the ſun, we may fairly, con- 
clude that it is leſs ; and that the ſhadow of the 
earth is a cone, which ends in a point at . 
W e cap 7s «gi 
> 
The rl, 10 abe falls bode Nin | 
' that point of the ecliptic that is oppoſite to the 
ſun's geocentric place; thus if the ſun be inthe firſt 
point of Aries, the axis of the earth's ſhadow will 
terminate in the: firſt point of Libra. It is clear, 
therefore, chat there can be no eclipſe of the moon 
but when the earth is interpoſed between it and 
the ſun, that is, at the time of it's oppoſition, or 
when it be full; for unleſs it is oppoſite to the ſun, 
| it can never be in the earth's ſhadow : and if the 
moon did always move in the plane of the eclip- 
tic, ſhe would every full moon paſs through the 
body of the ſnadow, and there would be a total 
eclipſe of the moon. 


We _ already -obſerved, that the moon 
orbit is inclined to the plane of the ecliptic, and 
only coincides with it in two places, which are 


termed the nodes. 11 may, therefore, be full 
moon * without her being in the plane of the 


ecliptic ; ſhe may be either on the north or the 
fouth fide of it ; in either of theſe caſes, ſhe will 


not enter into the ſhadow, dat be above it in the 
ee eee gb 2 1 


at HG Wan Py aidiroſite! milo Eb 
the plane of the ecliptic, in which the center of 
the earth's ſhadow always moves, and N the node 
of the moon's orbit; A BCD four places of the 
ſhadow' of the earth in the ecliptic. When the 
ſhadow is at A, and the moon at I, there will be 


nd eclipſe; when the full moon is nearer the 


node, as at K, only part of ber globe puſſes 
through the ſhadow, and that part becoming 


dark, it is called a PARTIAL CLIPS andd it is 


ſaid to be of ſo many digits as there are twelfth 
parts of the moon's Gatneter darkened, 


T's 
4 
. 


by 7 
. 7 
Lp 2 
. 


A planet may be in oppoſition to, or conjunction with 
the fan, without being in a right line that paſſes throughthe 
ſur and the earth. Aſtronomers term it in conjutition 
with the ſun, f it be in the ſame part of the zodiac in op- 
poſition, if it be in a part of the zodiac, 180 _—_— from 


the ſun, 
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f When the Full moon is/at M, ſhe. enters into 
che ſhadow C, and paſſing through it becomes 
wholly darkened at L, and leaves the ſhadow at 
O; as the whole body of the moon is here im- 
ee this is called a ToTAL | 


ECLIPSE. e 


— 


But when the moon's center paſſes through 
| has of the ſhadow, which can only happen when 
ſhe is in the node at N, it is called a;ToTAL AND 
CENTRAL ECLIPSE... There will always be ſuch 
eclipſes, when the center of the moon, and axis 
of the _— mea in the nodes. „ 
The 4 55 of a 1 ecli ole is 10 och as 
to let the moon go the length of three of it's di- 


ameters totally eclipſed, which ſtay in the-earth's - * 


ſhadow is computed to be about four hours; 
whereof the moon takes one hour from it's begin- 
ning to enter the ſhadow, till quite immerſed 
therein; two hours more ſhe: continues totally 
dark; and the fourth hour is taken up from her 


firſt beginning to come out of the ee till ſhe 
Is yn out of it. 


in 4 33 of an eclipſe, the moon enters 
the weſtern part of the ſhadow with the eaſtern 
part of her limb, and j in the end of it ſhe leaves 
M the 
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the eaſtern part of the ſhadow with the air 
part of her limb; all the intermediate time, ſrom 
her entrance to her quitting the ſhadow, is 
reckoned. into the eclipſe but only ſo much into 
the total immerſion, as paſſes while the moon is 
altogether obſcured. . . 


755 


From the magnitude of the ſun, the ſize of the 
earth, their diſtance from each other, the refrac- 
tion of the atmoſphere, and the diſtance of the 
moon from the earth; it has been calculated that 
the ſhadow of the earth terminates in a point, 
vhich does not reach ſo far as the moon's orbit. 
The moon is not, therefore, eclipſed by the 
ſhadow of the earth alone. The atmoſphere, by 
refi acting ſome of the rays of the ſun, and re- 
flecting others, caſts a ſhadow,” though not ſo 
dark a one as that which ariſes from an opake 
body; when, therefore, we ſay that the moon is 
eclipſed, : by paſſing into the ſhadow of the earth, 
it is to be underſtood of the ſnadow of the earth, 
together with it's atmoſphere. Hence it is that 
the moon is viſible in eclipſes, the ſhadow caſt 
dy the atmoſphere not being ſo dark as that caſt 
by the earth. The cone of this ſnadow is larger 
than the cone of the earth's ſhadow, _ aſc 
thereof 2 e the axis e a 


All 
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All opake bodies, Mben illuminated by the 
rays of the ſun, [caſt-a ſhado w: from them, which 
is encompaſſed by a NUu⁰ nA, or thinner 
ſhadaw, which every where ſurrounds :the:far- 
mer, growing larger and larger as we recede 
from the body: in other words, the penumbra is 
all that ſpace ſurrounding the ſhadow, into which 
the rays of light can only come from ſome part of 
that half of the globe of the ſun, which is turned 
towards the planet, all ere e 
by erer, eee R yg a 


Let 8. fg, ga prov, XI. is hay 1 Eu the 
planet, then the penumbral cone is FH G. 
The nearer any part of the penumbra is to the 
ſhadow, the leſs light it receives from the ſun; 
but the further it is, the more it is enlightened 3 
thus the parts of the penumbra near M are illu- 
minated by thoſe rays of light which come from 
that part of the ſun near to I, all the reſt being | 
intercepted- by. the planet E; in like manner, 
the parts about N can only receive the light that 
comes from the part of the ſun near to L, where- 
as the parts of the penumbra at P and Q are en- 
lightened in a much greater degree: for the _ 
planet intercepts from P only thoſe rays which 
come from the ſun near L, and hides from Q. 

only a ſmall part. of the ſun near l. T8 | 
M2 The 
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The moon paſſes rough the penumbra before 
| 1 enters into the ſhadow of the atmoſphere; 
this cauſes her gradually to loſe her light, which 
is not ſenſible at firſt, . but as ſhe! goes into the 
darker part of the penumbra, * ſhe grows paler ; 
the penumbra, where it is - contiguous” to the 
ſhadow, is ſo dark, that it is nn 2 
| "a one from the other. 1.50 


* y i 1 


The moon, in a total eclipſe Re 
of a duſky reddiſh colour, eſpecially towards the 


edges ; but of a darker nn the n w the 
| TOES EL 1 2 at ; 


e 5 oy * THE Son. I 


The moon, het in coins if near ane 
Sher moch, vill be interpoſed between us and 
the ſun, and will conſequently hide the ſun, or a | 
part of him, from us, and caſt a ſhadow upon 
the earth: this is called an xcI ISE OF THE SUN ; 
it "oy be either ee or total. 


5 cial OY & any lucid er is a no 
or diminution: of light, which would iotherwiſc 

come from it to our eye, and is cauſed by . 

terpoſition of 2 ee TON - r eee ets 


75 N 2 4 þ 
— 0 4 3 S 0 TS * . 
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- 


8 * 


ASTRONOMICAL: ESSAYS, 


 Theeclipſes of the ſun and moon, though ex - 
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preſſed by the ſame word, are in nature very 
different; the ſun, in reality, loſes nothing of 
_ ir's native luſtre in the greateſt eclipſes, but is all 
the while inceſſantly ſending forth ſtreams of 


light every way round him, as copiouſly as be- 
fore. Some of theſe ſtreams are, however, in- 


2 8 as is hid N us by * r . 


eclipſe. 


M3 


_ tercepted in their way towards our earth, by the 
moon coming between the earth and the ſun; 
and the moon having no light of her own, and 
receiving none from the ſun on that half of the 
globe which is towards our eye, muſt appear 
dark, and make ſo much of the ſun's diſk appear 


What is called an \ eclipſe of the ſun, is there- 
* in reality, an eclipſe of the earth, which is 
deprived of the ſun's light, by the moon's coming 
between, and caſting a ſhadow upon it. The 
earth being a globe, only that half of it which at 
any time is turned towards the ſun, can be en- 
lightened by him at that time; it is upon ſome 
part of this enlightened half of the earth, that 
the egg gere e ee falls in a ſolag + 


. 
bub The" coop being inclined to this plane, and 


only 


5 
' 
þ 
* 
FU 
- 
; 
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only coinciding with it at the nodes, it will not 


cover either the whole or a part of the ſun; or in 


other words, the ſun will not be eclipſed unleſs 
the moon at that time is in or near one of her 


. F 5 5 I 2 
, 3%. - of % + £ 49 
- * * : F 4 * , ff „ SA 
Pu . 
4 | * 
8 * 1 


The moon, however, cannot be directly be- 


5 tween the ſun and us, unleſs they are both in the 


ſame part of the heavens; that is, unleſs they are 
in conjunction. Therefore, the ſun can never 
be eclipſed but at the new moon, nor even then, 
ae moon ai that time is in or near one my 


From 8 it is 500 to thew, that the . 
neſs at our Saviour's crucifixion was not owing to 
an eclipſe of the fun. For the crucifixion hap- 
pened at the time of the Jewiſh paſſover, and the 
paſſover, by the appointment of the law, was to 
be celebrated at the full moon; the ſun could not, 


therefore, be eclipſed at the time of the paſſover. 


An intelligent tutor will find many opportunities 
of obſerving to his pupil, that nature, and philoſo - 
phy, which explains the phænomena of nature, 


do always agree with divine revelation. 


The moor being much ſmaller than the earth, 
and having a conical ſhadow, becauſe ſhe is leſs 
; | than 


— 
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than'the ſun; can only cover a ſmall part of the 
earth by her ſhadow; though, as we have ob- 
ſerved before, the whole body of the moon may 
be involved in that of the earth. Hence an 
eclipſe of the ſun is viſible but to a few inhabi- 
tants of the earth ; whereas, an eclipſe of the 
moon may be ſeen by all thoſe that are on that 
W which is turned towards | uk. 


"4 not > devil; u. e G S a 
CENTRAL eclipſe of the ſun, that the moon ſhould 
be exactly in the line of the nodes, at the time of 
it's conjunction; for it is ſufficient to denominate 
an eclipſe of the ſun cenTrar, that the center of 
the moon be directly between the center of the 
ſun, and the eye of the ſpectator; for to him, 
the fun is then centrally eclipſed. But as the 
ſhadow of the moon can cover but a ſmall portion 
of the earth, it is obvious this may happen when 
the moon is not in one of her nodes. Further, 


the ſun may be eclipſed centrally, totally, par- 
os and not at all at the ſame time. 


Thus in " 3 plate XI. let AB C de the ſun, 
MN the moon, h I g part of the cone of the 
moon's ſhadow, f d the penumbra of the moon: 
from this figure it is eaſy to perceive, 


| M4. 15 That 
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1. That thoſe. parts of the earth that ard 
within the circle repreſented by g h, are covered 
by the ſhadow of the moon, ſo that no rays can 
come from any part of the ſun into that . 0 
| ACA of the e oft the moon. 


2. do thoſe arts of the eanh 3 the penum- 
bes falls, only part of the ſun is viſible; thus 
between d and g, the parts of the ſun near C can- 
not be ſeen, the rays coming from thence towards 
dor g being intercepted by the moon; whereas 
at the ſame time, the parts between f and h are 
illuminated by rays coming from C, but are de- 
OT by the moon of ſuch as come. from. A. 


3. Then nearer any 15 5 5 eee within | 
the penumbra, is to the ſhadow of the moon, aa 
in places near g, l, or h, the leſs portion of the 
ſun is viſible to it's inhabitants; the nearer it is to 
the outſide of the penumbra, as towards d, e, or 
f, the er raden of the uo may be ſeen; 


4. Out of ie penumbra, d the entire -difk of 0 
ſun is viſible, | | 


Or 
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2 PARALLAX AND o Ruykacrion. Y 


„ is fabjee x to many i dificubien th. 
tides thoſe which are obvious to every. eye, 
When we look at any ſtar in the heavens, we do 
not ſee-it in-it's real place ; the rays,coming from 
it, when they paſs. out of the purer . etherial 
medium, into our coarſer and mere denſe atmo - 

ſphere, are ATRAC ID, or bent in ſuch a man- 

ner, as to ſhew the ſtar higher than it really is. 

Hence we ſee all the ſtars before they riſe, and 

after they ſet ; and never, perhaps, ſee any one 

in it's true place in the heavens. / 


There is another difference in the apparent 
ſituation of the heavenly bodies, which ariſes from 
the ſtations in which an obſerver views them, 
This difference in ſituation i is called the . PARAL» 
Lax of W 


$i 


The 3 pn SER a by aſtronomers, 5 

are thoſe which ariſe ſrom conſidering the objełt 
as viewed from the centers of the earth and the 
ſun, from the ſurface and center of the earth, and 
from all three compounded. 


he difference between 6 1 of a ts h 
3 ſeen from the ſun, and the ſame as ſeen from 
* | | the 1728 
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the N is called: che parallax. of the TTY ore. 
bit ; in other words, the angle at any planet, 
ſubrerided between the ſun and the cartH; is 
N _ CATE pe 


Thediornal Seritiax OR FAO * Pr 7 
parent place of a fixed ftar, or planet, of any 
celeſtial body, ariſing from it's being nber | 
the graph from the oe FRO. a ark” 

Tube fixed ſtars have no ee 3 ah 
moon a conſiderable one; that of the planets is 
greater or leſs, according to their diſtances. 


earth, T the center thereof, o R G part of the 
moon's orbit, Pr g part of a planet's orbit, Z a 
A part of the ſtarry heavens. No to a ſpectator 
at 8, upon the ſurface of the earth, let tke moon 
appear in G, that is, in the ſenſible horizon of 8, 
and it will be referred to A; but if viewed from 


the center T, it wil be referred to the point P. 
e de FRE TE : | 


The arc A D will pots b ne 0 
angle 8 G I the parallactic angle; or the paral- 
lax 1 is s expreſſed by the angle under which the 
$4 ſemi⸗ 


1 
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* 
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3 is ſeen from the 
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1 che urine by entities with vibe to 
different planets, it will be greater or leſs, as thoſe 
objects are more or leſs diſtant from the earth; 
thus the parallax 1 5 1 is + pomp 
I tinting i 


* 1 


it u be ont We che fame 
planet, it is evident that the horizontal parallax 
(or the parallax when the object is in the horizon) 
is greateſtof all, and diminiſhes gradually, as the 
body riſes above the horizon, until it comes tothe 
zenith; where the parallax vaniſhes, or becomes 
equal ro nothing; Thus A D and ad, the hori- 
zontal- parallaxes of G and g, are greater than 
a B and abi the parallaxes of R and r; but the 
objects O and P, ſeen from S or T, b. eee 
2 nen, PE 


By aan VOY of any celeſtial aig : 
it's diſtance from the center of the earth may be 
eaſily obtained by trigonometry. Thus if the 
diſtance of G from F be foughr, in the triangle 
STG, 8 T being known, and the angle 8 6 T 
determined 8 8 wth ow ch Go” is 
thence known. ' | 

. Tbe 


| 
| 
g 
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Ihe parallax of the moon crapibe-detadihined | 


iy two perſons obſerving her from different ſta. 
tions at the ſame time, ſhe being vertical to the 
one, and horizontal to the other. It is generally 
concluded to be about $7; minutes of a h 
"in Meg We moſt 3 is 0 of; 2 
1 whereby his abſolute diſtance from the earth 


vould be known; and hence the abſolute diſtan- 


ces of all the other planets would be. allo knopn, 
from the ſecond en l. 6 1 TBE 


. one 5 hs a objeds of 8 
is to fix the ſituation of the ſeveral -heavenly 
bodies, it is neceſſary, as a firſt ſtep, to under- 


| ſtand the cauſes which occaſion a falſe appear- 


ance of the place of thoſe objects, and make us 


ſuppoſe them in a different ſituation from that 
which they really have. Among theſe cauſes, 


REFRACTION is to be reckoned. By this term is 
meant, the bending of the rays of light as they 


Pals out of ane medium into another. 


The earth. is 4 every where 1 Ho an 
heterogeneous fluid, a mixture of air, vapour, 
and terreſtrial exhalations, that extend to ſhe 


regions of the ſky. The rays of light from the 


fun, moon, and ſtars, in paſſing to a ſpectator 


vpan 
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upon eanh, come through this medium, and are 
ſo refracted in their paſſage through it, that their 
F. a rg is er _ their true 


, * 0 93 
P pd; 97 ; ;: q , $ ES. + 1 
* 
* 
8 N 


i} 8 


1 A c, Frey 3s kn VIII. ct the fur. 
face of the earth, T it's center, BP a part of the 
atmoſphere, H E K the ſphere of the fixed ftars, 
A F the ſenſible horizon, G a planet, G Da ray 
of light proceeding from the planet to D, where 
it enters our atmoſphere; and is refracted towards 
the line DT, which is perpendicular to the ſur. 
face of the atmoſphere ; and as the upper air is 


rarer than that near the earth, the ray is continu- 


ally entering a denſer medium, and is every mo- 
ment bent towards T, which cauſes it to deſcribe 
a curve as D A, and to enter a ſpeRtator's eye at 
A, as if it came from E, a point above G. And 
as an object always appears in that line in which 
it enters ihe eye, the planet will appear at E, 
higher than it's true place, and frequently above 
the horizon A F, nen s true e is below it 

at G. x | Th 


This refraction is ' greateſt at the horizon, and 
decreaſes very faſt as the altitude increaſes; inſo- 
much that the refraction at the horizon differs 
from the refraction at a very few degrees above 


the 
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the 8 by about one · third part of the 
whole quantity. At the horizon, in this cli- 
mate, it is found to be about 33 minutes. In 
climates nearer to the equator, where the air is 
purer, the refraction is leſs; and in the colder 
climates, nearer to the pole, it increaſes exceed- 
ingly, and is a happy proviſion for lengthening 
che appearance of the light RE n ſo re- 
enn N | 5 | 
.-Gaſſendus 8 (that ALA Hollanders who 
e in Nova Zembla, in latitude 75%, were 
ſurprized with a ſight of the ſun 17 days before 
they expected him in the horizon. This differ- 
ence was owing to the refraction of the atmo- 
ſphere in that latitude. To the ſame cauſe, to- 
gether with the peculiar obliquity of the moon's 
orbit to the ecliptic, ſome of theſe very northern 
regions are indebted for an uninterrupted light 
from the moon much more than half the month, 
and ſometimes almoſt as long as it is capable of 
affording any light to other parts of — 
Hence, in— 3 


tte Thoſe: regions; where no green herb appear- 
Mg and which for. months behold not A 
of the os nor the chearful ahh | 


«« Infinite 


1 
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| = Infinite Silben aside and abundant 
means of ſolace are offered to the contented ſoul. 
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He knoweth that the moon will give light 
for many days, and doth not fear the IO 
of thick ee. T1 eee 395 eee 


«To. 5 Pe Gunner at ing 
ſeaſon ; but it's approach is a t the aol 
fraction of e e 22 


* 
3 - 1 


To this refraction we d Peri 1 
curious phænomenon, mentioned by Pliny: for 
he relates, that the moon had been eclipſed once 
in the weſt, at the ſame time that the ſun appear-. 
ed above the horizon in the caſt: - Mæſtlinus, in 
Kepler, ſpeaks of another inſtance of the ſame 
kind, which 15 under his own — 

Through this feb we are 5 with | 
the ſight of the ſun, about 3 minutes and #before 
it riſes above the horizon; and alſo as much 


43 
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every evening afterit ſets below it, which a one 5 
year amounts to more than 40 hours. 4 tl NY: 


K 11 is to this property of refraction ar we are 
alſo indebted for that enjoyment of light from 
the ſun when he is below the horizon, which pro- 
ſun's rays, in falling upon the higher part of the 
atmoſphere, are reflected back to our eyes, and 
ſorm a faint light, which gradually augments till 
it becomes day. Had no ſuch atmoſphere exiſt- 
ed, the rays of light would have come to us in 
ſtrait lines, and the appearance and diſappearance 
of the ſun would have been inftantaneous ; we 
ſhould have had a ſudden tranſition from the 
brighteſt ſunſhine, to the moſt profound'dark- 
_ neſs; and from thick darkneſs to a blaze of light. 
Thus by refradion we are prepared gradually for 
the light of the ſun, the duration of it's _ is 
3 _ _— on I abel 


e THE x SareuaTEs OF Berna, AND SaroRs: 


- The hifi 5 the dane of any! of the pla- 
nets, except the moon, would have been un- 
| known to us without the uſe of the teleſcope. 
The ſatellites are diſtinguiſhed according to their 
places,” into firſt, ſecond, &c. the. firſt being 

"That 
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hat which in neareſt bipetos-platiet; The follow 
ing table ſhews the time taken by each fatellite in 
it's revolution; and alſo it's mean diſtance from 
| 0104 in r ee thereof. 
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_ eclipſe each other in the ſame manner in which it 
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| Theſyſtemn of Jupiter and his. ſarcllites is 
large in itſelf; yet on account of its immenſe 


. diſtance from us, it appears to occupy but a ſmall 
ſpace in the ſphere of the ſtarry beavens, and 
conſequently every ſatellite of Jupiter appears to 


us always near it's primary, and to have an oſeil- 


 Aatory motion, like cut af a pendulum, going 


alternately from it's greateſt digreſſion on ne 
ſide the planet, to it's greateſt on the other, 
ſometimes in a ſtrait line, at ochers in an elliptic 
curve. 


Ain t mern nne 


1 a in it's fuperior fache, 


or that half of it's orbit that is more diſtagt from 


the earth than Jupiter, it's motion appears 


direct to us; when a ſatellite is in it's inferior 


ſemicircle, nearer to us than JO the ap- 


: Parent maden uf mne 


The ſatellites of Saturn revolve about it ih 
| almoſt the ſame plane, namely, that of it's ring, 


. excepting the fifth, the plane of whoſe orbit de- 


viates a little therefrom. Thoſe of Jupiter move 


. alſo in a plane very nearly coincident with that in 


9 


which Jupiter moves about the ſun. 


The ſatellites, and their primaries, mutually 


—_ 
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bas been ſhewn thar the earth and the te. 
But there are . in which the * 


0 1 n . 8 Sx on ＋ 
* ” 1 5 8 5 
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57 


. ee FRE ts Had. 
kind the body of ir's primary, with reſpect to the 
me this is + called an eue of a . 


* 
enn 7 


Ae . it is — behind. it's 
9 with reſpec to the sun, and fo falls in- 

to it's ſhadow; and ſuffers an eclipſe, as the 
e eee vr eee 
and ee n, ; | hs 


The laſt is, when it REIN ops 
earth and it's primary; for then it cannot. be 


diſtinguiſhed from the primary itſelf. 


By obſerving the eclipſes of Jupiter's ſatellites, 
it was diſcovered that light is-not propagated in- 
ftantaneouſly, though it moves with an ineredi - 
ble velocity; ſo that light reaches from the ſin 
to us in the ſpace of eleven minutes of time, at 
more than the rate of 100,000 miles in a ſecund. 


* * 
** * ; - - 3 p 5 
# \- - ks 4 þ ; = "Þs 7 3 
* 
P, - > 


Sy = 


Rs. | | ASTRONOMICAL ESSAVS, | 


. or rat med Si h 4ſt noo 0 
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N66 FE 55 the oniverſe gives a5 e 
ideas of the ſtructure and magnificence of the 
heavens, as the conſideration of the number, 
| magnitude, and diſtance of the fixed ſtars· We | 
admite indeed, with propriety, the vaſt bulk: of 
our own globe; but when we conſider how much 
it is ſurpaſſed by moſt of the heavenly bodies, 
what a point it degenerates into, and hom little 
more, even the vaſt orbit in which it revolves, 
would appear, when ſeen from ſome of the fixed 
ſtars, we begin to conceive more juſt ideas of the 
extent of the e and of the boundatics: * 
creation. 


e | * * 1 

6d «day tlic ay diſtin dinn that chime 
the fixed ſtars: from the other luminaries of 
heaven, that which is afforded by their light, or 


Io is the moſt obvious. / 19} 5 
al ieee 
The las * the r is Ricady, ! * 
is is reflected; that of the, ſtars is bright and lively, 
and accompanied with a kind of vibration of light, 
which we. call twinkling. This 3 18. ſuppoſed, to. 
ariſe from che nature of their light as intrinſic, 
and not received and reflected, and prineipally 


from the ſmallneſs of their apparent diameter. 
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Our nimoſphere is full of irinomerable nule p par- i 
ticles; which/are continually floating in it: many 
of theſe are large enough,” on coming between 
. - the'eye and ſuch a point às a fixed ſtar, to hide 
that point, or take that ſtar out of our view, by 
intercepting it's rays. But theſe atoms are in 
perpetual motion, ſo that the ſtar is no ſooner 
hid by one of them, than it appears again, be- 
cauſe the atom has changed it's place; then ano- 
ther comes, and again intercepts the view : the 
ſwift ſucceſſion of theſe moving particles, greatly 
aſſiſts in 1 that PEO Koa we e term . 
rinkling. PHT CHART? 


The moſt conſpicuous and brighteſt of *% fixed 
furt of our horizon is Syrius. The earth, in 
moving round the ſun, is 190 millions of miles 
nearer to this ſtar in one part of it's orbit, than in 
the oppoſite; yet the magnitude of the ſtar does 
not appear to be in the leaſt altered, or it's 
diſtance affected by it; ſo that the diſtance of the 
fixed ſtars is great beyond all computation. The 
unbounded ſpace appears filled at proper diſtances 
with theſe ſtars, each of which is probably a ſun, 
with attendant planets rolling round it. In this 
view, what, and how amazing,” is the firucture 
of the univerſe ! e 

. Though z 


* 


* 
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Though the fixed ſtars are; the only marks 6 
Fe ee! enabled to judge of the 
courſe of the moveable ones, and we have aſſerted. 
their relative poſitions do not vary: yet this aſſer- 


tion muſt be confined within ſome limits, for 


many of them are found to undergo particular 
changes, and perhaps the whole are liable to ſome 


peculiar motion, which connects them with the 
univerſal ſyſtem of created nature.” Dr. Herſchel 


even goes ſo far as to ſuppoſe that there is not, in 
ſtrictneſs of ſpeaking, one fixed ſtar in the hea- 
vens; but e e dee e 
ſtarry ſyſtems, and eee A the JO 
among _ 1 | 


— 


There are ſome ſtars, whoſe finmeicn ad 


vere heretofore known, and marked with pre- 
 cifion, that are no longer to be ſeen; new ones 


have alſo been diſcovered, that were unknown to 
the ancients, while numbers ſeem! gradually to 


vaniſh. There are others which are found to 


have a periodical increaſe and decreaſe of magni- 
tude; and it is probable, that the inſtances of 
theſe changes would have been more numerous, 
if the ancients had poſſeſſed the ſame accurate 
means of examining the heavens, as Are rar * 
preſent. | 
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Ne ſtars offer is ih mad 4 
more ſurprizing, and · leſs explicable, than almoſt 
any other in the ſcience of aſtronomy. I ſhall 
| ſelect a ſew inſtances of the more remarkable 
ones, for the inſtruction of the young pupil: a | 
conſideration of the changes that take place, at ſq 
immenſe a diſtance as the ſtars are known to be 
from him, may elevate his mind to conſider the 

immenſity of nis power, who regulates and 
governs all theſe wide extended motions ; © wha 
bath meaſured the waters in the hollow of his 


_ TG Giri 


- Je was a new an Sifcovered by 8 
the chief ot the ancient aſtronomers, that induced 

him to compoſe” a catalogue of the fixed ſtars, 
that ſuture obſervers might learn from his la- 
bours, whether any of the known ſtars diſappear, 
or new ones were produced. The ſamę motives _ 
engaged the illuſtrious Tycho Brahe to form, 
with unremitting labqur and affiduity, e 
ben catalogue of the * 


" Ofans Raga. the firſt of 8 we 8 
account, is that which was diſcovered in the con- 
ſtellation Caſſiopea, in the month of November 
of the year 1572, a time when aſtronomy was 

ae cultivated, to enable the aſtronomers 
85 8 N * | N 


to give the account with dreciſion. It r 4 
Viſible about ſixteen months; duting his time, 
it kept it's place in the heavens, without the leaſt 
variation. It had all the radiance of the fixed | 

ſtars, and twinkled like them; and was in all 
in brightneſs and magnitude. It appeared larger 
chan Jupiter, wha vas at that time in his perigee; 
ey was ſcarce enen en viitho 


50 "$28 2 
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00 was not bl FOR that it! LS: this 

d but ſhone forth at once of it's full ſue 
and brightneſs, as if of inſtantaneous creation. It 
continued about three weeks in full and entire 
ſplendor, during which time it might be ſeen 
even at noon day, by thoſe who had good eyes, 
and knew where to look for it. Before it had 
been ſeen a month, it became viſibly ſmaller, 
and from thence continued diminiſting in mag- 
nitude till March, 1574, when it entirely diſap- 
peared. As it decreaſed in ſize, it varied in 
colour; at firſt, it's light was white, and ex- 
tremely bright; it then became yellowiſh, after- 
wards of a ruddy colour, like Mars; and finiſhed 
with a pale livid ene eee a of 
Kant N 1 1 


neck of the Whale : he firſt ſaw ĩt in Auguſt, and 


it diſappeared in October of the ſame year. In | 


1637; Phocyllides:Holwarda- obſerved: it again, 
and not know ing that it had been ſeen; before, 
took it ſor a new diſcovery: he watched it's 
place in the heavens, and ſaw it appear again the 

ſucceeding year, nine months after it's diſappear- 
ance. It has been ſince found to be every year 
very regular in it's period, except that in 1672 
it was miſſed by Hevelius, and not ſeen again till 
1676. Bullialdus having compared together the 
obſervations which had been made of it from 
1638 10 1666, determined the periodical time 
between this. ſtar's appearing, in it's greateſt. 
brightneſs, and returning to it again, to be 333 
days; obſerving further, that this ſtar did not 
appear at once in ira ſull magnitude, or bright- 
neſs, but by degrees arri ved at them. He alſo. 
framed an hypotheſis, to account for theſe 
da e. WF. | 


2 


Three ts or i Fs , arg 
been diſcovered in the conſtellation of the Swan; 
the firſt was ſeen by Janſonius, in 1600; the 
ſecond was. oe in ene the third by 
kunde in een rt Hanes 2 
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"1 + In che latter end of September, 1604, 4 W 
| ftar was diſcovered near the heel of the right fooy | 
of Serpentarius. There were in that part of the 
heavens, at that time, the three ſuperior planets, 
which ſo engaged the attention of aſtronomers, 
that no appearance thereabouts could have long 

eſcaped them. Kepler, in deſcribing it, ſays, 
that it was preciſely round, without any kind of 
hair, or tail; that it was exactly like one of the 
ſtars, except that in the yividneſs of it's luſtre, 
and the quickneſs of it's ſparkling, it exceeded 
any thing he had ever ſeen before, It vas every 
moment changing into ſome of the colours of the 
minbow, as yellow, orange, purple, and red; 
though it was generally white, when it was at 
ſome diſtance from the vapouts of the horizon. 
Thoſe in general who ſaw i it, agreed that it was 
larger than any other fixed ſtar, or even any of 
the planets, except Venus: it preſerved it's luſtre 
and ſize for about three weeks; from this time it 
grew gradually ſmaller. Kepler ſuppoſes that-ir 
diſappeared ſome time between October, 1605, 
and a e e + " 
. 


4 Belides theſe dn ro-opparevi fans, 0 wel 
characterized and eſtabliſned by the earlieſt 
among the modern aſtronomers, there have been 
E | | many 


% 


en PR 
others; Mr. Montanere ſpeaks of having ob- 


" The-ſtar Algoly in Meduſa bead, has ben 
qbſerved long ſince 40 appear of different magni« - 
tudes, at different times. The period of it hag 
been lately ſeuled by J. Goodricke, Eſq. of York. 
It periodically changes from the firſt to the fourth 
dimiaution to the: other, was anno 1983, at 3 
mean 2 days, 20 hours, 49 minutes, 3 ſeconds. 
The changes are thus: during four hours it gra- 
dually diminiſhes in luſtre ; during the ſucceed» 

ing four hours, it recovers it's firſt magnitude by 
"anodes eee remaining 
part of the period, namely, 2 days, 12 hour, 
49 minutes, 3 ſeconds, it ipvariably preſervez it's 
greateſt luſtre; after the expiration: of which 
"om GE n 


The a eee be 
aſſigned at preſent, with any degree of -probg= 
bility ; perhaps they have ſome analogy to the 
{porn thy fog which at ſame times appear in 
ter numbers than at others, ſome of them 
ons) „ 


. 
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time of Dr. Herſchel, was but "ſmall ;- but this 
ctlebrated aſtronomer has noted upwards of four 
hundred; among theſe, ſome that are double, 
others that are treble, double double, 8 quadruple, 
6 double treble, and multiple ig. his catalogue gives 
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- wing to ſome real motions of the ſtars them. 


ſetvesp ai n . wee eee e 
ar ee neee wee aol. eee ee 


There are ſeveral ſtars that e to 


the naked eye, which are, on examination with 


a teleſcope, found to conſiſt of two, three” &c, 
The number of double ſtars obſerved: before che 


the comparative fize of theſe ſtars, their colour 


as they appeared to oy” ww ſeveral other 7 


Nees ab th enn eee 
g o 
5 7 . 


ane 


5 Bede theſe ties apa 


'NEBUL.Z, or parts of the heavens, which are 
brighter than the reſt. The moſt obvious to 


common notice, is that large irregular band 
which croſſes the ecliptic” in Cancer and Capri- 
corn, and is inclined to it in an angle of about 


ſtty degrees. Other nebulæ are ſeldom ſo large 


as to he ſeen by the naked eye, to which they 
appear as ſmall ſtars. Viewed by à teleſcope, 
they appear as ſo many luminous ſpots; of various 


figures, in ſome inſtances with ſtars in them; 


ſuch of theſe nebuloſe ſtars as are viſible to che 
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naked eye, appear as a kind of fine white cloud. 
The nuraber of nebulæ aſcertained before the time 
of Herſchel; are about 103. He has, however 
given us a catalogue of oO new nebulæ: max 
to cluſters of ſmall ſtars; and it is found; that 
into ſtars, which appear as white clouds in in- 
ſtruments of leſs force. Hence then there is 
reaſon to conclude, that they all conſiſt ;of:cluſs - 
ters, or prodigious aggregates of ſtars. Dr. 
Herſchel ſays, that in the moſt crouded part f 
the milky way, he had fields of view, that con- 
tained no leſs than 5388 flats, and theſe were con- 
tinued for many minutes, ſo that in one quarter 
of an hour there paſſed no leſs than 116, 00 ſtars 
through the field of view of his teleſcope. The 
blended luſtre of theſe luminous points, is the 
cauſe of that light and white appearance, from 
e Sai _ eee, d * 4 
Dr Herſchel 8 an pp; 
both from obſervation and well grounded n. 
jedture, 1. That the ſtarry heaven is replete with 
nebulz, or ſyſtems of ſtars of various figures; 
=_ that the milky way is that particular nebula 
in which our ſun is placed. 2. That each nebu- 
la is compoſed olf a yrodigious number of ſuns, 
| 5 or 
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but which can no more be ſeen by bi om ac< 
count of their great diſtance, than the ſolar pla- 
nets can be ſeen from the fixed ftars; Nor is it 


| abyſs! of ſpace, -the planets ſhould be of the 


2856 | attuvidicitat: FOR 
|  orboies,: that ſhine by their own hativeſpltndert 


* 
Fd 


3. That each individual ſuti is deſtined to give 
light to hundreds of worlds that revolve about it, 


neceſſary that in this explored and unexplorable 


fame magnitude as thoſe that belong to out 
ſyſtem; for it is not improbable, but that 


bee v bsc, wer rh diſcovered wh 95 


minen 


we 


alt Dr. Herſchel debian debe eee 
bodies diſcovered by him, which, from the fin- 


gularity of their appearance, he finds it-difficult 
to know how to claſs: he has termed them 
planetary nebulæ, for he can hardly ſuppoſe them 


to be nebulæ; their light is ſo uniform, as well 
as vivid; their diameter ſo ſmall, and well- 


defined ; if nebulz, they muſt conſiſt of ſtars 
that are ma agg and, ne ee in the 
eee 
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8 Fits ee we ae e in 
| kad meaſure, to aſeend into the celeſtial region, 


en 13 3* 


1 
=O. 


and view the ſun, moon; and ſtars, as they would 


appear to us if they were brought ſo: many times 


proceeding from the lominary we are looking at, 


rs ene make RE enen 


Te releſeope/is is one of thoſe diſcoveries; of 
which no idea could have been formed, previous 
to the period in which the Supreme Being was 
pleaſed to unveil to the human mind ſome of the 
myſterious powers of glaſs : the importance of 
this diſcovery,” and the extent to which it may be 
carried, ſtill cis OY * ſecrets W 
e 453 ech 


#1 2 ow 
x 8 


Wien s lock atthe1 fun a a FLA 
even of moderate power, the eye being defended 
by a piece of coloured or ſmoked glaſs, nay, even 
by the naked eye, when guarded inthe ſame man- 
ner, we diſcover on his ſurface many black, or 
rather leſs bright ſpots, of various ſizes and 
ſhapes.” Sometimes theſe ſpots will vaniſh in a 
very ſhort time after their firſt appearance; ſome- 
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| thes they travel oer his whole diſk; a 
ſurface, from veſt to eaſt, when they diſappear, 
and in twelve or thirteen days they appear again, 
fo as to be known by heir magnitude and figure, 
to be thoſe that had eee eee 42g 
bowever, which a are of the long | | 

do not CA eee, foligity of conſiſt-. 
ence, for in a little time they alſo vaniſh, and be- 

1 nn n the ſurface. 

F 5 D 
bete ſpors ar are more 8 at ſome periods 
than at others; in ſonie, years,- the ſun's. diſk has 


| for many months · been perfefily free ſrom them: 


in others, he has for inonths been more or leſs 
obſcured by ſpots : the moſt remarkable pheno- b 
mena of theſe ſpots, as obſerved by Scheiner ad 
' Hevelius, are as follow: 1. Every. ſpot, which 
has a nucleus, or dark part, hath alſo an umbra, 
or fainter - ſhade, ſurrounding it. 2» Tbe 
boundary betwixt the nucleus and umbra is al- 
ways diſtinct and well- defined. 3. The increaſe 
of a {pot is gradual, the breadth of the nucleus 
and umbra dilating at the ſame time. 4. In like 
manner, the decreaſe of à ſpot is gradual, the 
breadth of the nucleus and umbra diminiſhing 
at the ſame time. g. The exterior boundary of the 
umbra never conſiſts of ſharp angles, but is al- 
ways curvilinear, how irregular ſocyer the e, 

| 5 | 3 
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ok we nucleus dux de 6. The nudkus of n 
ſpee whit en the decreaſe, often changes it's | 
kgurei by ine umben ine reaching irregularly 
upon k, nomveh that in # ſimal} ſpace of time 
im er are an cee 


divided into two or more nuclei. 8. bein 
of the ſpots vaniſh before the umbra. 9. Smalt 
umbre are often ſeen without nuclei. 10. 1 
large umbra is ſeldom ſeen without a nucleus in 
themiddle of it. 11. When a ſpot, which con- 
ſiſteck of a nucleus and an umbra, is about to diſ- 
appear; if it be not furceeded by à fücula, or 
ſpot, brighter than the reſt of the difk, the 
eee is in N little time not to be 
PRO” — WS. 3? 

In che Fuel mt 1 Ixiv. the reader wa 
find ſeveral curious obſervations on theſe ſpots, 
by Profeffor Wilſon, and the Rev. Mr. Wolaſton. 
The latter gentleman ſays, he once faw, with a 
twelve-inch reflector, a ſpot burſt to pieces, 
while he was looking at the ſun ; the appearance 
was to him as that of a piece of ice, when daſhed 
on a frozen pond, which breaks to pieces, and 
HOOP in 1 Various Eg 


| 
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The ſpots are by no means confined. 1 


ö of the ſun's diſk, though we, do not know. that» 


any have been obferved about his polar regions. 


"Though their direction is from eaſt to weſt, yet, 


the paths they deſcribe in their courſe over the 
diſk, are exceedingly different, ſometimes being 
in ſtrait lines, ſametimes.in curves; at one time 
deſcending from the northern to the ſouthern part 
of the diſk, at other times re from the 
ene to the northern e n ts. 1o 

The: larger Con 1 of, which amp ay 
whole earth in apparent magnitude, laſt a con- 
ſiderable time, ſometimes three months before 


. they diſappear, at which time they are generally 


converted into ſpots exceeding the reſt of the ſun 
in brightneſs. The general opinion concerning 
their nature is, that they are Volcanoes, or burn- 


ing mountains, of immenſe ſize; and that when 


the eruption is-nearly ended, .and the ſmoke. diſ- 
ſipated, the fierce flames. are expoſed, and appear 
as luminous ſpots. Dr. Wilſon ſuppoſes them, 
on the other hand, to be excavations in the lu- 
minous matter (or atmoſphere) that environs the 
body of the hn, 7 

« The 7 WONG. which might with fullneſs 
of evidence confirm the opinion of planetary. 
_ | 


-% #» 
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| wit ſeem tobe plapediour of ourireach, and 
we can ſcarce hope to make our optical inſtru- 
ments ſufficiently / perſect, to render the inhabi- 
rants thereof viſible to us. All, therefore, that 
we can do, is to examine if the planets are 
accommodated with thoſe things which we are 
uſed to conſider as neceſſary to animal exiſtence. 
Lands, ſeas, clouds, vapours, and an atmoſphere, 
or body of air, are dase rene age ay; 
mne ng: 


Then moon 3 0 very n. near us, Pw likewiſe 
in the ſame temperature as to light and heat, firſt. 
preſents itſelf. When we look at her with the 
naked eye, we diſcern a great number of irregular 
ſpots on her diſk, diſtinguiſhed by their dark 
colour from the brighter or more glaring parts; 
but when viewed through a teleſcope, their num- 
ber is prodigiouſly increaſed; and it is perceived, 
that many of theſe appearances are occaſioned by. 
vaſt obſcure pits. or cavities, and clevations or. 
mountains. 45 


Theſe 3 cavities are known to be 
ſuch, from the ſhadow they caſt. In the firſt and 
ſecond quarters, when the light of the ſun falls 
. obliquely upon them, the elevated parts caſt a 
wee ſhadow on the ſide oppoſite to the ſung 
MEE: * | 
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| whereas, with reſpect to che cavities, theſs ue | 
that ſide which is oppoſite ta the ſun illuminated, 
and that which is next the ſun is dark and ob- 
feure, the ſame as would happen to a hollow 
baſon, placed on a table at ſome diſtance from a 
candle, in a room where there is no other light. 
The ſhadows ſhorten as the ſun becomes more 
directly oppoſed to the anterior ſace of the moon, 
and at length diſappear at the time of the full. 
During the third and laſt quarters, the ſhadows 
appear again, but all fall towards the contrary 
ſice of the moon, though ſtill with the ſame 
diſtinction, namely, that the mountains are dark 
and ſhady on the ſide fartheſt from the ſun, and 
the pits are : dark on the one next the manner 5 


The full moon is a very 1 ſight e 
a teleſcope, and has a great variety of luſtre and 
colour; but it is not the face on which to diſcover 
the mountains, theſe are beſt ſeen at the increaſe 
or decreaſe; for beſides the evidence derived 
from the ſhadows, we may then ſee the tops of 
theſe mountains catching the rays of the ſun be- 

fore they reach that part of the ſurface on which 

their e are en | 


On April 19, 1787, Dr. Herſchel ober . e 
appearance on the ſurface of the moon, which, 
n . Judging 


AN. Rs 1 : 89 ; | 54 . 
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judging by analogy from things perceived here 
with us, he thought he might term volcanoes, 
Three of theſe he obſerved in different places of 
the dark part of the moon; two of them appeared 
nearly extinct, or gping to break out; the third, 
as an actual eruption of fire, or luminous matter. 
On the 20th it burnt with greater violence, and 
might be computed to be about three miles in 
diameter; the eruption reſembled a piece of 
burning charcoal, covered by a thin coat of white 
aſhes; all the adjacent parts of the voltanic 
mountain were faintly illuminated by the erup. 
tion, and were gradually more obſcure as theß 
lay at a greater diſtance from the crater. Dr. 
Herſchel had, in 1783, obſerved an eruption, 
bmechar ihr + to that of the foregoing 


That e ate ee een | 

is rendered probable by many obſervations of 
folar eclipſes, in which the edge or limb of the fun 
was obſerved to tremble juſt before the beginning. 
The planets are likewiſe obſerved to change their 
figure from round to oval, juſt before the begin- 
ning of an occultation behind the meon, which = 
can be attributed to no other cauſe than that theit 
light is refracted by being ſeen through the 
0 moon R That we fee no — 
0 . 4" not 
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; 


not appear ſurprizing, if we conſidef that the 
lunar days and nights are thirty times as long as 
'our's; it will be eaſy to conceive, that with them 


the phenomena of vapours may be very different 
from what they are with us: perhaps their clouds 
and rain, if any, may be condenſed into viſible 
quantities only during the abſence of the ue and 
"or courſe when muſt be me to us. 


Mercury peice at all times near Wh . we 
can only diſtinguiſh by the teleſcope. a variation 


of his figure, which is ſometimes that of a half 


bn DO a l more or ne 1 0 


Venus, en in the form ** a eee a at 


| her brighteſt times, affords a more pleaſing 
\ teleſcopic view than any other of the heavenly 


bodies ; her ſurface is diverſified with ſpots, like 
e of the moon; by the motion of theſe, the 
time ſhe takes up in revolving upon her axis is 
— With a ful teleſcope, moun- 
png. like Wn in the moon, "wm be ne | 


uh appears a 10600 * fall, except at 
the time of the quadrature, when it's diſk ap · 
pears like that of the moon about three days after 
the full. By the ſpots which are ſeen on it's ſur- 


wy it's diurnal revolution has been aſcertained, 


From 


1 
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Fromir -charafivritlic ruddineſs, and from other 


phenomena, it has been ſuppoſed that it's. atmo- 
ſphere is nearly of the ſame denſity with our's. 


Dr. Herſchel has obſerved two white luminous 


circles ſurrounding the poles of this planet; 
theſe are ſuppoſed to en ne 0 
ing about thoſe parts. LIAN 


The appearance of Jupites through a teleſcope, 
opens a vaſt field for ſpeculative inquiry. The 
ſurface is not equally bright, but is diſtinguiſhed 


by certain bands, or belts, of a duſkier colour #7 


than the reſt of the ſurface, running parallel to 


each other, and to the plane of it's orbit. They / / 


are not regular or conſtant in their appearance; 


ſometimes only one is ſeen, at other times eight 

have been ſeen; ſometimes one or more ſpots are 
formed between the belts, which increaſe till the 
hole is uniteu in one large duſky band. There 


are alſo bright ſpots to be diſcovered on Jupiter's 


ſurface; theſe are rather more permanent than * 


the belts, and re- appear aſter unequal intervals 
of time. The remarkable ſpot, by whoſe mo- 
tion the rotation of Jupiter on his axis was aſcer- 
tained, diſappeared in 1694, and was not ſeen 
again till 1708, when it re- appeared exaQly in 
the ſame place, and has been occaſionally ſeen 
ever ſince. The diſappearance and re- appearing 


"I | "IE" 
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of the ſpots is not Metten the dd 
that have been obſerved: in the belts; che elder 

Caſſini ſaw one evening five beks upon the planet, 
the moſt ſurprizing change. In an hour from 
their fulleſt appearance there remained only three 
out of five, and one of theſe ſcarce perceptible. 


Though the great diſtance of the planet Saturn, 
and the tenuity of it's light, do not permit us to 
diſtinguiſh the varieties of it's ſurface; yet ſome 
of the firſt diſcoveries made by the teleſcope were 
on this planet, and the ring is ſtill one of the 
moſt curious phænomena we are acquainted 
with. © There is not, indeed; any thing in the 
whole ſyſtem of nature more wonderful than this 
ring, which appears nearly as bright as any part 
of the ſurface of the planet; by what means it is 
ſuſpended, or by what law ſupported; whether ic 
is only a bright but permanent dloud, or whether 
it is a vaſt number of ſatellites diſpoſed in the 
ſame plane, whoſe blended light gives it to us the 
form of one continual body; we can only form 
crude conjecture. M. Meſſier has obſerved on 
the anſes of this ring, ſeveral luminous white 
twinkling points, n in een n cach 4 
pk WOT E619 | e 
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A 
: e . * 933; Or Prager THOCKRO TAY 


ANIONS ee eee 9064530] 


eee 3 an wy unex 
pected times in the heavens, and of ſingular and 


various figures, deſcending from far diſtant parts 
of the ſyſtem, with great rapidity, ſurprizing us 
with the ſingular appearance of a train, or tail; 
and after a ſhort ſtay, are carried wy ORE 
| og and Meth | | 


EL 
2 4 


Oe o 1 — 22 


They were eee in akon IA aids. 
prodigies hung out by the immediate hand of 


God in the heavens, and intended to alarm the 


world. Their nature being now better under - 
ſtood, they are no longer terrible. But as chete 
are ſtill many who think them to be heavenly 


warnings, portents af future events, it may not 


be improper for the tutor to inform his pupil, 
every part according to divine order, and ſubs 


jected all things:to laws ander egulations : that he 
does not hurl at random ſtars and worlds, and 


diſorder the ſyſtem of the whole glorious frame, 


to produce falſe apprehenſions of diſtant eventa 


fears without foundation, and without uſe. Re- 


ligion glories in the teſt of reaſon, of knowledge, 
and of true wiſdom; it is every way connected 


with, and is always elucidated by them. From 


8 | 8 n 


* > 


/ 
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. works of the Lord are underſtood, the more he 
muſt be adored; and that his ſuperintendency 
over every portion is more clearly evinced, and 
more fully expreſſed by ragen d h 
h N jeg ten e eee. 
0 
The exiſtence of. an ig ee = 
tween all the parts of nature is now generally 
- allowed. Comets undoubtedly form. a part of 
this great chain; but of the part they occupy, 
and of the uſes for which they exiſt, we are 
equally ignorant. It is a portion of ſcience whoſe 
perfection is reſerved for ſome diſtant day, when. 
theſe bodies and their vaſt orbits may, by long 
und accurate obſervation, be added to * e 
en che ſolar Tone 51 | | 


+ The a of comets is very Anas 
for but little'can be known with certainty, where 
but little can be ſeen. - Comets afford few obſer- 
- vations on which to ground conjecture, and are 
for the greateſt part of their courſe On the 
reach of human viſion, - + a} 1. AP ES. 


| 11 ts; | 8 now hens na 
they are planetary bodies, making part of our 
TOW, n round the ſun in extremely long 
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elliptic curves.” That as the orbit of a comet is 
more or leſs. excentric, the diſtance to which: they 
recede from the ſun will be greater or leſs. Very 
great difference has been-found by obſervation in 
this reſpect, even ſo great, that the ſides of the 
_— orbit . n into 


5 5 
on 


That + We —— . 
diſtance from the ſun, PR the — to 
e return. 2 a Malu a lit al 

Their: motions in ou 3 are not Ml n deck, 

or according to the order of the ſigns, like thoſe 

of the other planets. The number of thoſe which 
move in a retrograde manner, is why m__ ta 
thoſe whole motion is direct. RY 0's 


* 


* 


Tbe orbits of moſt 4 inclined er | 
"_ an to the . ee One 


| The ri with which chic is ; midi 
in every part of their orbit; when they are near 
the ſun, they move with incredible ſwiftneſs; - 
when very remote from him, their motion is win. 

ON ue: | FIBRES: 1 185 


They 
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They differ alſo in form from the other planets, 
eonfiſting of a large internal body, which ſhines 
with the reflected light of the ſun, and is encom- 
paſſed with a very large atmoſphere, apparently 
of a fine matter, teplete with clouds and vapours; = 
tis is called the head of the comet, and the in- 
ternal part the nucleus. When a comet arrives 
at a certain diſtance from the ſun, an 85 
nen it, "_ REL aha gre 
C5 v1 

The tail is Picket difefted 2 to that cd 
heavens which is directly or nearly oppoſite to the 
Fun, arid is greater after the comet has paſt it's 
Perihelium, than in it's approach to it, being | 
ome” ofall whenit Mt? gd agent i 


No carisfaGtory kiiowlbdge: kits been dequired 
concerning the cauſe of that train of light which 
zccompanies the comets. Some philoſophers 
imagine that it is the rarer atmoſphere of the 
comet impelled by the ſun's rays. Others, that 
it is the atmoſphere of the comet, riſing ini the 
ſolar atmoſphere by it's ſpecific levity; while 
others imagine that it is a phenomenon of the 
ſame kind with the aurora borealis; and that this 


earth would appear like a comet to a * 
placed in another planet. 


The 


—. 
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et the comets is certainly very 
great, conſiderably beyond any eſtimation that 
might be made from the obſervations we s 


"64 0. * Pronaire. or wen Me 


PANE TR e 3 cuppoled * 
the ſame nature with our ſun; each of them at- 
tended by planets, which a e N 
NON 5 Ban ut Shs 


wid therefore, "Fg - n 
we find that the region of unbounded ſpace is 
peopled with ſuns, and ſtars, and worlds. This 
opinion has been held and taught by many of the 
moſt celebrated philoſophers and aſtronomers, 
both in ancient and modern times: in this vier 
of things, our ſyſtem reſembles a ſingle individual 
of ſome one ſpecies of being in outward nature, 
diverſified from all it's. fellow individuals, by: 
differences uneſſential to the kind and ſpecies; 
but which conſtitute that kg which ariſes | 
from uniformity amidſt variety: | 


. . Thatuhe fred ſtars are 4 ſhining by mir 
ewn light, is probable, on account of their im- 
menſe diſtance from us; for as it is impoſſible 
| that 
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that at theſe diſtances they could be ſem: by ay. 
refleflion of light from the ſun, it is natural to 
ſuppoſe them endowed with a power of emitting 
light from their own bodies. By comparing the 
apparent diameter of objects at different diſtances, 
it is clear that our ſun would appear like a ſtar, 
were heremoved to the diſtance at which they are 
placed; and that therefore it is truly reaſonable 
to ſuppoſe, that the fixed ſtars,are equal, if not 
ſuperior in magnitude to that which is the center 
of our ſyſtem; and that they are made ſor the 
ſame purpoſes with the ſun, to beſtow light, heat, 
r ee ee e | 

MOOR round hem. 


ot their e eee N us, hint PR | 
vaſtneſs of the ſpace they occupy, the reader may 
form ſome idea, when he is told, that numbers 
amongſt them are at too great a diſtance to be 
adequately expreſſed by figures, and beyond the 
reach of admeaſurement ; and this will be height- 
ened, if he conſiders that the ſmalleſt of the ſtars 
viſible to the eye are much more remote than the 
larger ones, and that the teleſcope diſcovers ſtars 
which are too diſtant to be perceptible to the 
naked eye. That the inſtrument, like our eyes, 
has it's limits ; but the extent of the WI has 
no bounds. CVVT 

| The 
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The fixed ſtars. being ſo far removed from, and 
far the moſt part inviſible to us, it can ſcarcely. 
| be conceived by the narroweſt mind, that they 
form a part of our ſyſtem, or were created only to 
give a faint glimmering light to the inhabitants of. 
this, globe; ſor one additional moon would have 
afforded us more light than the whole hoſt of 
ſlars; ſuch an opinion is unworthy of our reaſon, 
inadequate to our conceptions of the Deity. It 
would be alſo abſurd to ſuppoſe that the author 
of nature had made ſo many ſuns without planets, 
to be enlightened by their light, and vivified by 
their heat; but more ſo, to imagine, ſo many 
habitable. worlds enlightened by ſuns without in- 
habitants ; we may, therefore, ſafely. conclude, 
that all the W of every ee are in- 

habited. | 


- 


This reaſoning is {till further ſtrengthened, by 
conſidering the immenſity of the ſtarry heavens, 
in which are innumerable hoſts. of ſtars, created 
as the means to ſome great end. From revela- 
tion we learn, that the ultimateend of creation is 
the peopling of heayen with men. Theſe re- 
ſplendent ſuns are clearly then, the mediums of 
exiſtence to ſo many earths, and of men upon 
them, created to be happy eternally. with their 
God, © © THE ONE ETERNAL THIRST TO BLESS.” 


# % ILSS 


Every flat is thus the center of a magnificent 
Fyſtem, attended by a retinue of worlds, irradiated 
by it's beams, and revolving round by it's active 
influence Thus the greatneſs of God is magni- 
ed, and the grandeur of his empire made mani- 
feſt; He is not glorified on one earth, or in one 
world, but in ten thouſand times ten thouſand, 
If we could wing our way to the higheſt ap- 
parent ſtar, we ſhould there ſee other ſkies 
expanded, other ſuns that diftribute their inex- 
hauftible beams of day; other ftars, that gild the 
alternate night, and other (perhaps nobler) 
ſyſtems eſtabliſhed in unknown profuſion, 
through the boundleſs dimenſions of fpace. Nor 
does the dominion of the Sovereign of all things 
terminate here; even at the end of this vaſt tour 
we ſhould find ourſelves advanced no -further 
than the frontiers of creation, the commence- 
ment of the _ Frnovan's mann 


a This mode of reaſoning applies whh ne 
force to the planets gf our on ſy ſtem, and gains 
additional ſtrength from other conſiderations. 
For who would ventüre to aſſert, that infinite 
love and conſummate wiſdom had formed fuch 
immenſe material maſſes, ſome of which exceed 
our earth in fize, convey them in revolutions 
round the A, furniſh them with moons, grant 

them 
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cem the elersate changes of night ans day, 
viciſſtudes of ſeaſons; and all this 1 9 0 . 
ee, ee ee is 


or who that his ſeen any engine; 4 mda 


for inſtance, and who knows the uſe of it, if he” 


travels into another country, and there fees 'an 
engine of the ſame ſort, will not reaſonably con- 
clude that it is deſigned for the ſame purpoſe? 
So when we know that the uſe of this planet, 

the earth; is for an habitation of various forts of 
animals, and we ſee other planets at a diſtance” 
from us, ſome bigger, ſome leſs than the earth, 
moving periodically round, revolving on their | 
axes,” and attended with moons ; is it not highly 
reaſonable to conclude, that they are all deſigned 
for the ſame uſe as this earth is, and that they are 

babe worlds like that we live in. 


« Who can conceive them 
3 = ynpoſllels'd 
By living ſoul, deſert and deſolate, 
Only to ſhine; yet ſcarce to contribute 
Each orb a gleam of light 5h en 


Or that the Arwiciry, who dart left with 
us a drop of water unpeopled, who has in every 8 
nde multiplied the bound of life, mould leave : 
5 ſuch 
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ſuch immenſe bodies deſtitute of inhabitants? " 
is ſurely much more rational to ſuppoſe them 
the poſſeſſion of human beings, beings formed 
with capacities for knowing, loving, and ſerving 
their Almighty Creator; bleſt and provided 
Vich every object conducive to their happineſs, 
and many of them in a far greater ſtate of purity 
than the inhabitants of our earth, and therefore 
in poſſeſſion of higher degrees of bliſs, and placed 
in ſituations, furniſhing them with ſcenes of joy, 
equal to all that poetry can paint, or religion pro- 
miſe : all under the direction, indulgence, and 
proteQion of infinite wiſdom and goodneſs. 


A COMPREHENSIVE SURVEY OF THE UNIVERSE. 


As this work is principally intended for young 
minds, the following view of the univerſe, by 
the amiable philoſopher of Geneva, Mr. Bonnet, 
cannot but prove acceptable to the reader, not 
only becauſe it will ſerve as a recapitulation of 
what has gone before, but as it will tend to en- 
large his ideas, and increaſe his veneration for 
the Father of all beings. 


WMhen the ſhades of night have ſpread their 
veil over the azure plains, the firmament mani- 
ſts to our view it's grandeur and it's riches, 

| Ihe 


1 
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The ſparkling points with which it is ſown, are 
ſo many sons ſuſpended by the AlMionhry in 
the immenſity of ſpace, to give light and heat to 
n ber * r e ame 
c Tus HEAVENS DECLARE THE GLORY or 400 
AND TUT PIRMAMENT  SHEWETH HIS 'HANDY” 
woRK: The royal poet, who expreſſed himſelf 
with ſuch loſtineſs of ſentiment, was ignorant 
that the ſtars he contemplated were in reality ſuns: 
He anticipated the times, and firſt ſung that ma- 
jeſtic hymn, which future and more enlightened 


ages ſhould chaunt fortht 1 in praiſe to the FOUNDER 
or WORLDS: 


The ae of theſe vaſt bodies is divided 
into different ſyſtems, the number of which pro- 


bably ſurpaſſes the grains of ſand which the oy | 
caſts on it's ſhores. | 


Each hem "a at it's center, or focus, a ſtar, 
or ſun, which ſhines by it's native inherent light ; 
and round which, feveral orders of opake globes 
revolve; reflecting, with more or leſs brilliancy, 
thelight e borrow from it, * which wy 
them viſible. 
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Thoſe globes which we perceive as — 
among the heavenly hoſt, are the yLawers; the 
primary, or principal ones, have the ſun for the 
common center of their periodical revolution; 
while the others, which are called ſecondaries, 
move round their primaries, accompanying them 
as SATELEITES in their annual revolution. 


The earth has one ſatellite, Jupiter four, Saturn 
| five, and the Georgium Sidus two; pee has 
| beſides a unde 4nd beautiful wen * 


We know that our ſolar ſyſtem con ls | of 
twenty planctary bodies ; we are not certain but 
that there may be more. Their number has been 

conſiderably augmented fince the invention of 
teleſcopes: more perfect inſtruments, and more 
accurate obſervers, may further increaſe their 
number; the diſcovery of the Georgium Sidus 
may be looked upon as the oy Feng, of 
future ee | | N 


Modern aſtronomy has not only enriched out 
heavens with new planets, but it has alſo enlarged 
the boundaries of the ſolar ſyſtem. The comets, 
which from their fallacious appearance, their 
tail, their beard, the diverſity of their directions, 
their ſudden appearance and diſappearance, have 
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deen dee as meteors, lighted up in the 
air by an irritated power, are found to be a 
ſpecies of planetary bodies, whoſe long routes 


are now calculated by aſtronomers ; they alſo 


foretel their diſtant return, determine their place, 


the wo AM? of a revolution. 


ciflaney of the fixed for, 


* 


| ak 


and account for their irregularities, 
theſe bodies at preſent acknowledge the empire of 

our ſun, though the orbits they trace round him 
are ſo extenſive, that many ages are neceſſary fo 


f - 


Many of 


\ 


In a wb it is from modern aſtronomy that 
we learn that the ſtars are innumerable, and that 
the conſtellations, in which the ancients reckoned 
but a few, are now known to contain thouſands, 
The heavens of Thales and Hipparchus were 
very poor when compared to thoſe of Tycho 
Brahe, Flamſtead, de La Caille, and Herſchel, 


The diameter of the great orbit which our earth - 
deſcribes, is more than many millions of leagues; 
yet this vaſt extent vaniſhes into nothing, and 
becomes a mere point, when the aſtronomer 
wiſhes to uſe it as a meaſure, to alcenain the 


How great 18 is the real bulk of theſe lu. 
minathe which are perceptible b / us at ſuch 


"OO 


* 
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an enormous diſtance! the ſun is about 
1,392,590 times greater than the earth, and 
5394 times greater than all the planets taken to- 
_ gether. If the ſtars are ſuns, as we: have every 

reaſon to ſuppoſe, they muſt n 15 "ow to 
or exceed it in ME: 7 


Proud and ignorant mortal ! lift up now thine 
eyes to heaven, and anſwer me: if one of thoſe 
luminaries which adorn. the ſtarry heaven, ſhould 

be taken away, would thy nights become darker ? 
Say not then, that the ſtars are made for thee ; 
that it is for thee that the firmament glitters 
with effulgent brightneſs : feeble mortal! thou 
wert not the chief object of the liberal bounties of 
the Creator, when he appointed Syrius, and en- 
| compalied it with yorlds, | | 


Whilſt he ET perform their weden 
revolutions round the ſun, by which the courſe 
of their year'is regulated, they turn round upon 
their axes, a motion by which they un the 
alternate ſucceſſion of day and night. 


But by what means are theſe: vaſt bodies ſuſ, 
pended in the immenſity of ſpace ? What ſecret 
power retains them in their orbits, 2 2 


them | to circulate \ with, foi much 
5 


w 
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. — or ATTRACTION, is the 
powerful agent, the- univerſal principle of this 
equilibrium, and of theſe motions. It penetrates 
intimately all bodies. By this power, they tend 
toward each other in a proportion relative to their 
bulk. Thus the planets tend towards the center 
of the ſyſtem, into which they would ſoon have 
been precipitated, if. the Creator, when he 
formed them, had not impreſſed upon them a 
prajectile or centrifugal: force, which continually 

keeps ther at a ied diſtance from the center. 


Ads; __ bog . at che 8 inflane 
each, of theſe motions, are made to deſcribe a 
curve. This curve is an ellipſe, of different ex- 
centricities, according to the combination of the 
active powers. At one of the foci of this ellipſe 
the ſun is placed. Thus the ſame force which 
determines the fall of a ſtone, is the ruling prin- 
ciple of the heavenly motions. Wonderful 
mechaniſm! whoſe ſimplicity and energy gives 
us unceaſing tokens of the PROFOUND. WISDOM. OF 
JT's AUTHOR, 2; 0 

The earth, which ſeems ſo vaſt in the eyes of 
the emmets who init it, and whoſe diameter 
is * 1278 miles, is yet near a thouſand times 


142k 8 "OP 


cies than 3 who appears to te naked 
1 nee nee atom. 

„ Two, troops of ates new. 3 | 
1 had within this century the glory of deter- 
mining the figure of the earth, and have demon- 
ſtrated. it to be a ſpheroid, flattened at the poles, 
elevated at the equator. But Newton has 
acquired a ſtill greater glory, that of diſcovering, 
by the powers of genius, the ſame truth previous 
to obſervation. This figure is alſo the effect of 
gravity, combined with the centrifugal force. 
Theſe two powers acting in different proportions, 
on different planets, vary their figure, and change 
them into ſpheroids, more or leſs flat, at the 
fame time _ they . or dilate _ 
; pfVits; 


This terraqueous: 5 is A divided 
by land and ſeas, It is internally formed (at leaſt 
to a certain depth) into beds of heterogeneous 

matter; the beds are almoſt parallel, but a 
different denſities and textures. ; 


The ſurface of the carth W with irregu- 
larities. In one part we find vaſt plains, inter- 
ſected with hills and vallies, In another, long 
chains of anni, which lift weif [1 
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watered various countries, and produced ponds 
and lakes, diſcharge themſelves into the WN 
reſtore to it n. it had _— evaporation. | 


The fea preſents to our view iſlands ſeattered 
in all parts of it, Tands, rocks, currents, gulphs, 
and Rorms; but above all, that regular and ad · 
mirable motion whereby it's waters rife een 
twice every twenty-four hours. y 


The lands and ſeas are propled with inlet 
animals, whoſe infinitely varied ſpecies have each 
their proper habitation. Mankind divided. into 
nations, people, and families, cover: the ſurface 
of the globe. They modify and enrich it by 
their various labours, and build dwellings from 
5 to pole, which correſpond with _ man- 

en nn and climate. . | 


A rare nee and elaſtic fibNance 4 furs 
rounds the earth to a certain height. This ſub- 
ſtance is the atmoſphere, the habitation of 
the winds, an immenſe reſervoir of vapours, 
which, when condenſed into clouds, either 
embelliſh our ſky by the variety of their figures, 
and the richneſs of their colouring ; or aſtoniſh us 

2 by + 


5 


234 ASTRONOMICAL ESSAYS, | 


by the rolling thunder, or flaſhes of lightning, 
that eſcape from them; ſometimes they melt 
away, at others are condenſed into rain or hail, 
ſupplying the'deficiencies of the earth with the 
ſuperfluity of heaven. * ef 


The moon, the neareſt of all the planets to the 
carth, is likewiſe that of which we have the 
moſt knowledge. It's globe always preſents to 
us the ſame face, becauſe it turns round upon its 
axis preciſely in the ſame. "_ of time that it 
_— round the e | 


1 rs it's bee or and nh periodical 
ch and decreaſe of light, according to it's 
poſition with reſpect to the ſyn, which enlightens 
it, and the earth on. which it we ue | 


ver. it bas received. 

Tue dit ot the moon isdivided RITES 
and obſcure parts. The former ſeems analogous 
to land, thelatter to reſemble our ſeas, 4 


In the luminous ſpots there have been obſerved 
ſome parts which are brighter than the reſt; 
theſe project a ſhadow, whoſe length has been 
meaſured, and their track aſcertained. Theſe 
paris are mountains, much higher than our's, in 


8 proportion 
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to the fize of the moon, whoſe tops 
may be ſeen gilded by the rays of the ſun, at the 


quadratures of the moon, and the light gradually 
deſcending to their feet, till they appear entirely 


bright. Some of theſe mountains ſtand by them- 
ſelves, while in other places there are long chains 
of An 


We dall not ae upon UM wean paris 
ticulars that may be obſerved on an attentive e- 
amination of this planet. If the author of 
nature has with us thought proper to vary the | 
ſmalleſt individual, how great muſt the diverſity 
be, by which or has age cM one po 
from _— 0 | 813 

A 140 ; A* 

> Pine 105 like al moon, her 5 5 8 
and mountains. The teleſcope diſcovers to us 
alſo ſpots in Mars and Jupiter. Thoſe in Jupiter 
form belts; conſiderable changes have been ſeen 
among theſe, as if of the ocean's overflowing the 
land, and again leaving it dry by it's retreat. 


Mercury, Saturn, and the Georgium Sidus, 
are but little known; the firſt, becauſe he is too 
near the ſun; the two laſt, one 8 are ſo 
remote from it. Rs ane 


Laſtly ' 
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- Laſtly, the ſun himſelf has ſpots, which ſcem 
to move with regularity, and whoſe ſize _ 
and very ae exceeds, our ne * 


Benin thing i in wha univerſe i is been all 
is n oY _ e eſt 


'The ſpecies and individuals have EPR to 
the ſize of the earth; the ſize of the earth has it's 

relation to e ee 
bm. 


i» The ee. the W the 8 

on the ſun and each other. Theſe taken together 
gravitate on their neighbouring ſyſtems, theſe 
again on more diſtant ones; while the ballance of 
the univerſe remains in cquilibrio, e deb h 


the ANCIENT or pars. 


Pi the relations which exiſt between all 
parts of the world, and by which they conſpire 
to one general end, reſults the harmony af the 
world, 


The relations which unite all the worlds ta 
one another, conſtitute the harmopy of the 
univerſe. | 


The 
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The beauty of the world is founded inthe har- 
monious diverſity of the beings that compoſe it, 
in the number, the extent, and the quality of 
their effects, and in the ſum of happineſs that 
ariſes therefrom. 
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& Annes ox THE bes or THE 
TERRESTRIAL AND CELESTIAL GLoees, 


Or Thi ApvanTAcgs'or GLOBES IN GENERAL, 
FOR ILLUSTRATING THE PRIMARY PRINCI- 


PLES OP ASTRONOMY AND GEOGRAPHY ; AND 


PARTICULARLY OF THE ADVANTAGES OF THE 
(;LoBss, WHEN MOUNTED JN MY FRETS 
Mayyes. | | 


NIVERSAL approbaton, the opinion 
of thole that excel in ſcience, and the 
experience of thoſe that are learning, all concur 
to prove that the artificial repreſentations of the 
earth and heavens, on the terreſtrial and celeſtial 
globes, are the inſtruments the beſt adapted to 


convey natural and genuine ideas of aſtognowy | 


and geography to young minds. 


This ſuperiority. they derive principaily. bh 


their form and figure, which communicates a 


* 
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mote juſt idea, and a'more adequate repreſenta. 
tion of the earth and heavens, than can be 
formed from any other figure, | 


Tounderhand the nice of the projection of 
either ſphere in plano, requires more knowledge 
of geometry than is generally poſſeſſed by begin- 
ners, it's principles are more recluſe, and the 
ſolution of problems by them more obſcure, 

The motion of the earth upon it's axis is one 
of the moſt important principles both in geogra- 
phy and aſtronomy ; on it the greater part of the 
phænomena of the viſible world depend: there 
is no invention that can communicate ſo natural 
a repreſentation of this motion, as that of a ter. 
reſtrial globe about it's axis. By a celeſtial 
globe, the apparent motion of the heavens i is alſo 
e in a natural and ſatisfactory manner. 


11 order to convey clear ideas of the various 
diviſions of the earth, of the ſituation of different 
places, and to obtain an eaſier ſolution of 
problems in geography, it is neceſſary to con- 
ceive many imaginary circles to be delineated on 
it's ſurface, and to underſtand their relation to 
each other. Now on a globe theſe circles have 
their true form, their interſections and relative 
TY 2 poſit ons 
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— are viſible t on the moſt ne in- 
ſpe&ion. But in projections of the ſphere in 
plano, the form of theſe circles is varied, and 
their nature changed: they are conſequently but 
ill adapted to convey to young minds the ele- 


1 eee 9600.45 A 


'On a globe, the appearance uf the land and 
water is perfectly natural and continuous, and 
fitted to convey accurate ideas, and leave per- 
manent impreſſions on the moſt tender minds; 
whereas, in planiſpheres one-half of the globe is 
ſeparated and disjoined from the other; and 
thoſe parts which are contiguous on a globe, are 
here ſeparated and thrown at a diſtance from each 
other. The celeſtial globe has the ſame ſupe- 
riority over projections of the heavens in plano. 


The globe exhibits every thing in true propor- 
tion, both of figure and ſize; while on a plani- 
ſphere the reverſe may often be obſerved. 


Preſuming that theſe reaſons ſufficiently evince 

the great advantage of globes over either plani= 
ſpheres or maps, for obtaining the firſt principles 
of aſtronomical and geographical knowledge, I 
proceed to point out the pre-eminence of globes 
mounted | in my father's manner, over the com- 


2 72 8 ä mon, 
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man, or rather the old and Dae wade of 
OW them we RTE | 


The great and FANS fale * the be 
globes may be looked upon at lcaſt as a proof of 
approbation from numbers; to this I might alſo 
add, the encouragement they have received from 
the principal tutors of both our uniyerſatics, the 

| public ſanction of the univerſity of Leyden, the 
many editions of my father's treatiſe on their uſe, 
and it's tranſlation into Dutch, &c. The recom- 
mendation of Meſſ. Arden, Walker,“ Burton, 

+ &c. public lecturers in natural philoſophy, 

might alſo be adduced ; but leaving theſe con- 

ſiderations, I ſhall proceed to enumerate the 

' reaſons which give them, in my opinion, à der 

cided preference over every other kind of 
mounting, 


The earth, by it's diurnal revolution on it's 
axis, is carried round from weſt to eaſt. To 
repreſent this real motion of the earth, and to 

ſolve problems agreeable thereto, it is neceffary 
that the globe, in the ſolution of every problem, 
ſhould be moved from wzsT To rasT ; and for 
ſig purpoſe, _ the diviſions on the large braſs 
circle 


* An Eaſy Introduftion to Gepgraphy, by Mr, Walker, 
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tirele ſhould: be on that fide which looks weſt< 
' ward:* | Now this is the cafe in my fathier's mode 
of mounting the globes, and the tutor can there- 
by explain wilh eaſe the rationale of any problem 
mounting, the globe muſt be moved from caft 
to weſt, according to the Ptolemaic ſyſtem; and 
conſequently, if the tutor endeavours to ſhew 
how things obtain in nature, he muſt make His 
pupil unlearn im a degree what he has taught him, 
and by abſtraction reverſe the method he has in- 
ſtructed him to uſe, a practice that we hope will 
not de ide by ny 


The ecleſtia} globe being intended to elch ; 
the apparent motion of the heavens, ſhould be 
OI * n from eaſt to we ö 


OF ithe'phardiojriena to bornaphaticd by 4% 
terreſtrial globe, the moſt material are choſe 
which relate to the changes 'in the ſeaſons; all 
the problems connected with, or depending upon 
theſe phenomena, are explained in à clear, 
familiar, and natural manner, by the globe, 


o hi 


See the Rev. Mr. Hutchins s New Treatiſs on the Clobes, 
p- 3 Adams's Treatiſe on the Globes, 


3 
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when mounted in my father's mode for on tec- 
tifying it for any particular day of the month, it 
immediately exhibits to the pupil the exact ſitua - 
tion of the globe of the earth for that day; and 
while he is ſolving his problem, the reaſon and 
foundation of it Ne cep to een and 
6 ee N . | 


The globe wks alſo ts with caſe in the 
poſition of a right ſphere, a circumſtance exceed- 
ingly uſeful, and which the * nnen of 
the globes did not 1 = | | 

By the application of a moveable meridian, 
and an artificial horizon connected with it, it is 
eaſy to explain why the ſun, although he be al- 
ways in one and the ſame place, appears to the 
inhabitants of the earth at different altitudes, 
and in different azimuths, which cannot 'be ſo. 
readily done with the common AT 

On the celeſtial tos ese! is a naval cir- 
cle of declination, with an artificial ſun. 


The braſs wires 8 under the gaben ſerve 
to diſtinguiſh, in a natural and ſatisfactory man- 
ner, twilight from total darkneſs, and the reaſon 
of the length of it's duration. 


* 
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8 next point wherein they materially differ 
from other globes, is in the hour circle; now it 
muſt be confeſſed, that to every contrivance chat 
has been uſed for. this purpoſe there i is ſom̃e ob- 
jeQion, and probably no mode can be hit upon 
that will be perfectly free from them. The me- 
thod adopted by my father appears to me the 
leaſt exceptionable, and to poſſeſs ſome advan- 
tages over every other method I am acquainted - 
with. - Agreeable to the opinion of the firſt 
aſtronomers, among others of M. de la Lande, he 
uſes the equator for the hour circle, not only as 


the largeſt, but alſo as the moſt natural circle that 


could be employed for that purpoſe, and by which 
alone the ſolution of problems could be obtained 

with the greateſt accuracy. As on the terreſtrial 
globe, the longitude of different places is 
reckoned on this circle; and on the celeſtial, the 
right aſcenſion of the ſtars, &c. it familiarizes 
the young pupil with them, and their reduction 
to time. This method does not in the leaſt im- 
pede the motion of the globe ; but while it affords 
an equal facility of elevating either the north or 
ſouth pole, it prevents the pupil from placing 
them in a wrong poſition ; and it is alſo pre- 


vented by the horary wire from OK out of the 
frame, | 


Q 4 | Another 
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: Another eircuraſtance peculiar to theſe globes, 
is the mode of fixing the compaſs, It is Telf- 
evident, that the tutor, who is willing to give 
correct ideas to his pupil, ſhould always make 
him keep the globes with the north pole directed 
towards the north pole of che heavens, and that, 
both in the ſolution of problems, and the expla- 
nation of phenotnetia. By means of the coth- 
paſs, the terrefirial globe is made to ſupply the 
purpoſe of a tellurian, when ſuch an inſtrument 
is not at hand. I cannot terminate this para- 
graph, without teſtifying my diſapprobation of a 
mode of making the globe turn round upon a pin 
in the pillar on which it is ſupported: a mode, 
that while it can give but little relief to indolence, 
is leſs firm in it's conſtruction, and tends to intro- 
duce much confufton in 5 mind of the nn 


In order to prevent "he oofifiſivns and. per- 
plexity which neceſſarily ariſes in a young mind, 
when names are made uſe of which-do not pro- 
perly characterize the fubject, my father found it 
neceſſary; with Mr. Hutchins, to term that broad 
wooden circle which ſupports the globe, and on 
which the ſigns of the ecliptic and the days of 
the month arc engraved, the BROAD PAPER CIRCLE, 
inſtead of horizon, by which it had been hereto- 


fore denominated. The 5 of this change 
will 


249 
will be evident to all thoſe who conſider that this 
circle in ſome caſes repreſents that which divides 
light from darkneſs, in others the horizon, and 
ſometimes the ecliptic. For ſimilar reaſons, he 
was induced to call the brazen circle, in which 


the globes are 42% d 15 STRONG BRASS 
CIRCLE. 
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In a word, many operations may be performed | 
by theſe globes, which cannot be ſolved by 


thoſe mounted in the common manner; while all 


that they can ſolve may be performed by theſe, 
and that with a greater degree of perſpicuity ; 
and many problems may be performed by theſe 
at orie view, which on the _ — require 
ſucceſſive operations. 


But as notwithſtanding their ſuperiority, the _ 
difference in price may make ſome perſons prefer 
the old conſtruction, it may be proper to inform 
them, that they may have my father's, or Senexs 
globes mounted in the old manner, at the uſual 
Fan 
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ConTanninG A DescriPrTION or THE Groprs 


© MOUNTED IN THE BEST MANNER ; TOGETHER = 


with SOME PRELIMINARY DEFINITIONS, 


DerIinITIONS. 


properties of a circle, of which a globe ny be 
faid to be conſtituted. 


A LINE . the mon fa pin. 


let there be ſuppoſed two points, the one 
anerk. the other . 


If the moveable wh be made to move 
directly towards the fixed point, it will generate 
in it's motion a ſtrait line, 


| } 
4 
* 


EFORE ve begin to deſeribe the globes, 
it vil he proper to take ſome notice of the 


A. 


WH 
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If a moveable point be carried round a fixed 
point, keeping always the ſame diſtance from it, 
it will generate a CIRCLE, or ſome partof a circle, 
and the fixed point will be the center of that 
circle. 


All ant lines ng foi the center to the 
circumference of a circle, are equal. ki 


Every ftrait line that paſſes through the center 
of a globe, and is terminated at both ends by. „ 


ſurface, is called a DIAMETER, 


The extremities of a diameter are it's poles. 


Il the circumference of a ſemicircle be turned 
N it's diameter, as on an axis, it will e 
a 8 or ſphere. 


The center of the aden will be the center 
of the globe; and as all points of the generating 


ſemicircle are at an equal diſtance from it's center, 


ſo all the points of the ſurface of the en 
ſphere are at an equal diſtance from it's center. 
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1 


| There are two e globes on the ſurface 


of one of them the heavens are delineated, this is 
called the cELEsTIAL GLOBE. The other, on 
which the ſurface of the earth .is * is 
cared the TERRESTRIAL GLOBE, 
3 

Fig. 2, plate XIV. repreſents the celeſtial ; 
fig. 1, plate XIV. the terreſtrial globe, as 
mounted in my father 8 manner. | 


In uſing the celeſtial os we are to ende 


ourſelves as at the CENTER, 
4 


In uſing the fern globe, we are to ſup- 


poſe e on ſome point of its e er. 


The motion of the eee globe repreſs 
the REAL motion of;the earth. 


A. 


The motion of the celeſtial globe repreſents 


the APPARENT motion =Y the ede 


The motion therefore of the celeſtial | globe 
is a motion from. EAST To WEST, 28 


But 


4 _ 
Oe eee ——— ͤ MN 7—˙ w — q 
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But the motion of the terreſtrial A is a 
motion from ws r ro FAST. | 


" the ſurface of each gebe ſeveral 2 pie are 
deſcribed, to every one of which may be 1 9 
aner ſaid of cirgles in page 254+ 


The center of ſome of theſe circles is "hs fame 
with the center of the globe ; theſe are, by way 
of diſtingion, called her CIRCLES, 


Of theſe great circles ſome are graduated 


"The graduated circles are e divided into 360 
degrees, or equal parts, 90 of which make a 


quarter of a circle, or a quadrant. 5 


=— 


Thoſe circles whoſe centers do nat paſs through 
the center of the hes are called LESSER * 


cLESs. 


The globes are each of them tufpended at the 
poles in a ſtrong braſs circle N Z. S, and tym 


therein upon two iron pins, which are the axis of 


the globe; they have each a thin braſs ſemicircle | 


N HS, moveable about theſe poles, with a ſmall 
thin circle H ſliding thereon; it is quadrated 
= each 


* 


* * 
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each way, to 90 degrees an Fey equator to 
either 928 | 

on the terreſtrial globe this ſemicircle is a 
MOVEABLE MERIDIAN. It's ſmall ſliding circle, 
which is divided into a few of the points of the 
mariner's compaſs, is called a TERRESTRIAL or 
VISIBLE HORIZON... 

On the celeſtial globe, this ſemicircle is a 
MOVEABLE CIRCLE OF DECLINATION, and it's 
ſmall braſs circle an artificial ſun, or planet. 


Each globe has a braſs wire circle T W Y, 
placed at the limits of the crepuſculum, or twi- 
light, which, together with the globe, is mounted 
in a wooden frame ; the upper part B C ig covered 
with a broad paper circle, whoſe plane divides 
the globe into two hemiſpheres, and the whole is 


ſupported by a neat pillar and claw, with a mag- 


netie needle i in a compaſs box marked M. 


— n 
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A Dzscarerion or THE CIRCLES DESCRIBED ON 
THE BROAD Paper CircteE BC; TOGETHER 
WITH A GENERAL ACCOUNT OF IT's Usts. 


| It contains four concentric circular ſpaces, the 
innermoſt of which is divided into 360 degrees, 
and numbered into four quadrants, beginning at 
the caſt and weſt points, and proceeding each 
way to 90 degrees at the north and ſouth points ; 
theſe are the four cardinal points of the horizon. 
| The ſecond circular ſpace contains, at equal 
diſtances, the thirty-two points of the mariner's 
compaſs. Another circular ſpace is divided into 
twelve equal parts, repreſenting the twelve ſigns 
ol the zodiac; theſe are again ſubdivided into 30 
degrees each, between which are engraved their 
names and characters. This ſpace is connected 
with a fourth, which contains the calendar of 
months and days, each day on the 18 inch globes 
being divided into four parts, expreſſing the four 
cardinal points of the day, according to the Julian 
reckoning ; by which means, the ſun's place is 
very nearly obtained for the common years after 
bifſextile, and the een day is inſerted 
without confuſion. 


In all poſitions of the celeſtial gtobe, this broad 
Paper circle repreſents the plane of the horizon, 
and 
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and diſtinguiſhes. the viſible from the inviſible 
part of the heavens ;-but.1n the terreſtrial globe it 
Is 1 to _ a uſes. 

1. To diſtinguiſh th the alata of the dens in 
this caſe it repreſents the rational horizon of any 
om BEAD 


26" Ii is uſed; to Akan os cena af e 


tion, or that dene which NN on from 5 
night. | | 


3. It eben, reproſents: the RT 
Or THE STRONG Brass Cixcte NE Z 8. 


One ſide of this FOO buds circle is graduared 
into four quadrants, each containing 90 degrees. 


The numbers on two of theſe quadrants in- 
creaſe from the equator towards the poles; the 
other two increaſe from the Rv towards. the 
ee ? 9 8 0 
Two of the quadrants are numbered from the 
equator, to ſhew the diſtance of any point on the 
globe from the equator. The other two are num- 

| R 2 1 ber ed 


260 DESCRIPTION AND USE 


bered from the poles, for the more ready bang 
the gone to the latitude of any Nw 


The ſtrong braſs circle of the celeſtial globe is 
called the meridian, becauſe the center of the ſun 
comes voy under it at noon. | 

But as there are other circles on the terreſtrial 
globe, which are called meridians, we chuſe to 
denominate this the 8TRONG BRASS en or 
MERIDIAN. 


The graduated fide of the ſtrong braſs circle 
that belongs to the terreſtrial We ould __ 
the wesT. 


The graduated fide of the ſtrong brazen me- 
ridian of the celeſtial globe ſhould face the zasT. 


On the ſtrong braſs circle of the terreſtrial 
globe, and at about 234 degrees on each ſide of 
the north pole, the days of each month are laid 
down according to the declination of the ſun. 


Or Tyr HoRary CigCLrts, AND THEIR INDICts. 
7. 


When the globes are mounted in my father's 
manner, we uſe the equator as the hour circle ; 
becauſe 


becauſe it is not only the moſt natural, but alſo 
the largeſt circle that can be applied for that pur- 
poſe. ; 

To make this circle anſwer the purpoſe, a ſemi- 
circular wire is placed over it, carrying two 
indices, one on the caſt, the other on the weſt 
lide of the * braſs circle. 


As the equator is divided into 3609, or 24 
hours, the time of one entire revolution of the 
earth or heavens, the indices will ſhew in what 
ſpace of time any part of ſuch revolution is made 
among the hours which are graduated below the 
degrees of the equator on either globe. | 


As the motion of the. terreſtrial globe is from 
weſt to eaſt, the horary numbers increaſe accord- 
ing to the direction of that motion; on the ce- 
leſtial globe they increaſe from the eaſt tothe weſt. 


Or Tye QuapRanT or ALTITUDE, Z A. 


It is a thin, narrow, flexible flip of braſs, that 
will bend to the ſurface of the globe ; it has a nut, 
vith a fiducial line upon it, which may bereadily 
applied to the diviſions on the ſtrong braſs me- 
ndian of either globe. One edge of the quadrant 


. R = Bb 10 
i | | 
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is divided into go degrees, and the diviſions are 
continued to 18 degrees below the horizon, 


% . 1 1 . — 
A 


Or sou or THE CIRCLES THAT ARE DESCRIBED 
UPON THE SURFACE OF EACH GLOBE, 


We may ſuppoſe as many circles to be deſcribed 
on the ſurface of the earth as we pleaſe, and con- 
ceive them to be extended to the ſphere of the 
heavens, marking thereon concentric eircles. For 
as we are obliged, in order to.diſtinguiſh one place 
from another, to appropriate names to them, ſo 
are we obliged to uſe different circles on the 


globes, to diſtinguiſh the n and their ſeveral 
relations to each other. 158 


Or Taz Eq rox, on Eqy1NnocTIAL. 


It goes round the globe exactly. in the middle, 
between the two poles, from which it always 
keeps at the ſame diſtance; or in other words, it 
is every where go degrees diſtant from each pole, 
and is therefore a boundary, ſeparating the north- 
ern from the ſouthern hemiſphere ; hence it is 
frequently called the line by failors, 78 when 
they | ſail over it they are ſaid to e n 


er wr bbs 45 


n is that circle in'the heavens, 1 in which | the 


in the ſpring,” the other in the autumn, ben the 


days and nights are of an equal length all over the 
world; and hence on the wer; globe it is 
generally e the anͤnS TAT. | 


It is ratidtha into 360 degrees. Upon the 
terreſtrial globe the numbers increaſe from the 
meridian of London weſtward, and proceed 
quite round to 360. They are alſo numbered 
from the ſame meridian eaſtward, by an upper 
row of figures, to accommodate thoſe who uſe 
the Engliſh tables of latitude and longitude. 

| | 5 

On the teleſtial globe, the equatorial degrees 
are numbered from the firſt point of Aries eaſt- 
ward, to 360 degrees. c 


Under the degrees on either nad; is graduated 


a circle of hours and minutes. On the celeſtial 
globe the hours increaſe eaſtward, from Aries to 


XII at Libra, where they begin again in the 


ſame direction, and proceed to XII at Aries. 
But on the terreſtrial globe, the horary numbers 
increaſe by twice twelve hours weſtward from the 
meridi ian of London to has ſame again. 


Re - | | In 
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In turning the globe about, the equator keeps 
always under one point of the ſtrong braſs me- 
ridian, from which point the degrees on the ſaid 
circle are numbered b 1 Ways. 


Ox THE Bauers 1 


The graduated circle; which croſſes the equa- 
tor obliquely, forming with it an angle of about 
234 degrees, is called the GS: 


This circle is divided i Into 12 val parts, each 
of which contains 30 degrees. The beginning of 
each of theſe 30 degrees is marked with the cha- 
racters of the 12 ſigns of the zodiac. 


The ſun appears always i in this circle ; he ad- 
vances therein every day, nearly a a degree, and 
goes through it exactly in a year. 


The points where this circle croſſes the equator 
are called the EgQUINOCTIAL POINTS.” The one is 


at the beginning of Aries, the other at * _ 
| _ of Libra. | 


The commencement of Cancer and Capricorn 
are called the SOLSTITIAL POINTS. 


The 
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The twelve ſigns, and their degrees, are laid 
down on the terreſtrial globe; but upon the ce- 


leſtial globe, the days of each month are 
juſt under the ecliptic. 


The edliptic belongs principally to the celeſtial 
globe. N | 
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Or "DA rot AND LaTrTvpe, AND or 
Tran Meant 


M ANS are circular lines, . 
over the earth 's ſurface, from one pole to 


the other, and croſſing the equator at right an- 


Whatever places theſe a lines 1 


through, in going from pole to pole, they are the 
meridians of thoſe places. 


\ 


*, 


There are no REID upon the ſurface of the 
earth, through which meridians may not be con- 
ceived to paſs. Every place, therefore, is ſu 
poſed to have a meridian line paſſing over it's 


zenith from north to ſouth, and going through 
the poles of the world. 


Thus 
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Thus the meridian of Paris is one meridian; 
the meridian of London is another. This variety 
of meridians 1s ſatisfactorily repreſented on the 
globe, by the moveable meridian, which may 
be ſet to every individual point of the equator, 
and put directly over any * place. 


| Whenſoever we move towards the eaſt or weſt, 
we change our meridian ; but we do not change 


our meridian if we move directly to the north or 
ſouth, | 


The moveable meridian ſhews that the poles 
b of the earth divide every meridian into two ſemi- 
circles, one of which paſſes through the place 
whoſe meridian it is, the other through a point 
on che earth, oppoſite to that place. 


2 Hence it is, that writers in geography and 
aſtronomy generally mean by the MRIDIAx. of 
any place the szMIc1RcLE which paſſes through 
that place; theſe, therefore, may be called the 
geographical meridians, 


All places lying under the ſame ſemicircle, 
are ſaid to have the ſame meridian; and the 
Geer oppoſite to it is called the oppoſite me- 

| riglan, 
2 
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Aang or ſometimes the "I part of the 
e W | 


| 8 the foregoing definitions, it is 1 that 
the meridian of any place is immoveably fixed to 
that place, and is carried round along with it by 
the rotation of the globe. 


When the meridian of any place is by the W 
lution of the earth brought to point at the * 
it is noon, or mid-day, at that place. 


The plane of the meridian of any place may be 


imagined to be extended to the Aen. WY 


fixed ſlars. 


| When, by the motion of the earth, the plane of 
a meridian comes to any point in the heavens, as 
the ſun, moon, &c. that point, &c. is then ſaid 
to come to the meridian. It is in this ſenſe that 
we generally uſe the expreſſion of the ſun or ſtars 
coming to, or paſſing over the —— | 


The time which elapſes hs "TO noon of 
any one day in a given place, and the noon of the 


day following in the lame place, is called a 1 
day. 


an 


* 
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All places which lie under the "UE Wend | 
have their noon, and every other hour of the 
natural day, at the ſame time. Thus when it is 
one in the afternoon at London, it is alſo one in 
the afternoon to "ay place under n meridian 
of London. 


In order to aſcertain the fituation of any point, 
there muſt firſt be a ſettled part of the earth's ſur- 
face, from which to meaſure ; and as the point to 

be aſcertained may lie in any part of the earth's 
| ſurface, and as this ſurface is ſpherical, the place 
from whence we meaſure muſt be a circle. It 
would be neceſſary, however, to eſtabliſh two 
ſuch circles, one to know how far any place 
may be eaſt or weſt of another, the ſecond to 
know it's diſtance north or ſouth of the given 
point, and thus determine it's preciſe ſituation, 


Henee it has been cuſtomary for geographers 
to fix upon the meridian of ſome remarkable 
Place, AS A FIRST MERIDIAN, OR STANDARD; and 
to reckon the diſtance of any place to the eaſt or 
weſt, or it's longitude, by it's diſtance from the 
firſt meridian. On Engliſh globes this firſt me. 

ridian is made to paſs through London, 


Tur 


o 
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Tux LONGITUDE OF ANY PLACE is it's diſtance 


from the firſt meridian, One, * degrees 
on the equator. | 


To find the longitude of a place, is to find 
what degree on the eaten the meridian of that 
Po croſſes. | 


All places that lie under the ſame meridian, 
are ſaid to have the ſame longitude ; all places 
that lie under different meridians, are ſaid to have 
different longitudes; this difference may be eaſt 
or weſt, and conſequently the difference of lon- 

—_gitude betwen any two places, is the diſtance of 


their meridians from Fach other PRES on the 
equator. | 


Thus if the meridian of any place cuts the 
equator in a point, which is. fifteen degrees eaſt 
from that point, where the meridian of London 
cuts the equator, that place is ſaid to differ from 
London in longitude 153 degrees eaſtward. 


Upon the terreſtrial globe there are 24 me- 
ridians, dividing the equator into 24 equal parts, 


which are the hour circles of the places through 
which they paſs. 


* * 
8 : . The 
Pg 
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The diſtance of theſe meridians from each 
We! is 15 degrees, or the 24th part of 360 de- 
grees ; thus 15 degrees is equal to one hour. 


By the rotation of the earth, the plane of every 
meridian points at the ſun, one hour after that 
meridian which is next to it eaſtward ;' and thus 
they ſucceſſively point at the ſun every hour, ſo 
that the plane of the 24 meridian ſemicircles 
being extended, paſs through the ſun in a natural 
| To illufirate this, ſuppoſe the plane of the 
ſtrong braſs meridian to coincide with the ſun, 
bring London to this meridian, and then move 
the globe round, and you will find theſe 24 me- 
ridians ſucceſſively paſs under the ſtrong braſs 
meridian, at one hour's diſtance from each other; 

till in 24 hours the earth will return to the ſame 
ſttuation, and the meridian of London will again 
coincide with the ſtrong braſs circle. 


By paſſing the globe round, as in the foregoing 
article, it will be evident to the pupil, that if one 
of theſe meridians, 15 degrees eaſt of London, 
comes to the ſtrong braſs meridian, or points at 
the ſun one hour ſooner than the meridian of 
London, a meridian. that is 30 degrees caſt, 

. CD comes 
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comes two hours ſooner, and ſo on; and conſe- 
_ quently they will have noon, and every other 
hour, ſo much ſooner than at London: while 
thoſe, whoſe meridian is 15 degrees weſtward 
from London, will have noon, and every other 
hour of the day, one hour later than at London, - 
and ſo on, in proportion to the difference of lon- 
gitude. Theſe definitions being well underſtood, 
the pupil will be prepared not only to ſolve, but 
ſee the ne of che following problems. 


PROBLEM I. 


To find the longitude of any place on the globe: 


The reader will find no difficulty in folving this 
prbblem, if he recollects the definition we have 
given of the word longitude, namely, that it is 
the diſtance of any place from the firſt meridian 
meaſured on the equator. Therefore, either ſet 
the moveable meridian to the place, or bring the 
place under the ſtrong braſs meridian, and that, 
degree of the equator, which is cut by either of 
theſe brazen meridians, is the longitude in de- 
grees and minutes, or the hour and minute af it's 
longitude, 2 8 in time. 
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As the given place may lie either caſt or welt 
of the firſt meridian, the longitude may * EX 
preſſed ee La 


It appears moſt natural to reckon the longitude 
always weſtward from the firſt meridian; but it 
is cuſtomary to reckon one half round the globe 
eaſtward, and the other half weſtward from the 
firſt meridian. To accommodate thoſe who may 
prefer either of theſe plans, there are two ſets of 
numbers on our globes : the numbers neareſt the 
equator increaſe weſtward, from the meridian of 
London quite round the globe to 360®, over 
which another ſet of numbers is engraved, which 
increaſe the contrary way; by which means, the 
longitude may be reckoned Upon the bay 9 00 
either call or welt, 


Example. Bang Boſton, in New England, 
to the graduated edge of either the ſtrong braſs, 
or of the moveable meridian, and you will find 

it's longitude in degrees to be 704, or 4 h. 42 
min. in time; Rome 121 degrees eaſt, or 50 
min. in time; Charles-Town, North America, 
is 79 deg. 50 min. welt. 


PROBLEM 
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e l | 


2 


Wo fnd the difference of longitude between any 
two places. I 


| If the pupil underſiands What is meant 8 1 
difference of longitude, the rule for the ſolution of 
this problem will naturally occur to his mind. 


Now the difference of longitude berween any two 


places is the quantity of an angle (at the pole) 
made by the meridians of thoſe places meaſured 
on the equator. To expreſs this angle upon the 
globe, bring the moveable meridian to one of the 
places, and the other place under the ſtrong braſs 


circle, and the required angle is contalned be- 


tween theſe two meridians, the meaſure or quan= 
tity of which is to be counted on the Equator. : 


Example. 1 find the longitude” of Rome 
to be 124 eaſt, that of Conſtantinople to be 294 
the difference is 17 degrees. Again, I find 
Jeruſalem has 35 deg. 25 min. eaſt longitude 
from London ; and Pekin, in China, 116 deg. 
$2-min. eaſt longitude, the difference is 81 deg. 
27 min.; that is, Pekin is 81 deg. 27 min. eaſt 
longitude from Jeruſalem ; or Jeruſalem is 81 
deg. 27 min. weſt longitude from Pekin. 


. | If 


— 
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If one place is eaſt, and . of he 
firſt meridian, either find the longitude of both 
places weſtward, by that ſet of numbers which _ 
increaſe weſtward from the meridian of London 
to 360 deg. and the difference between the num- 
ber thus found is the anſwer to the queſtion :—or, 


Add the eaſt and weſt longitudes, and the ſum 
is the difference of longitude ; thus the longitude 
of Rome is 12 deg. 30 min. caſt, of Charles- 
Town 79 deg. 50 min. veſt; their ſum, 91 deg. 
20 min. is the difference required. 


| k "IM be proper to obſerve here, that the 
difference in time is the ſame with the difference 
of longitude, conſequently that ſome of the fol- 
lowing problems are only particular caſes of this 


problem, or readicr modes or N this 
difference. 


| PROBLEM 


nn | | | 
ttc, 15 * ROBL * M 111. 


To find all thoſe places where it is noon, at any 
given hour of the day, in another place; vr 
in other words, (which may conduct the reader 
to the rationale of it's ſolution) to find what 
places have the ſun upon their meridian, at 
„37 
place. 


As the diurnal motion of che earth, here repre= 
ſented by the terreſtrial globe, is from weſt to 
eaſt, it is plain that all places which are to the 
caſt of any particular meridian, muſt neceſſarily 
paſs by the ſun, before a meridian which is to 
HO OT OTA OE EE | 


We ſhall, therefore, NE this problem into 
three caſes. 


When the given hour is ar London. 


45 Wikia hb e hour is- in the moming 
and any where but at Len. 


3. When the given hour i is in the afiernoon, 
by not at London. 


84 1. Wuzx 
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1. Warn THE GIVEN HOUR 18 AT Lopov. 


As the firſt meridian on our globes paſſes 
through London, bring the given hour to the eaſt 
of London, if it be in the morning, to the ſtrong 
braſs meridian, and all thoſe places which are 
under it will have noon at the given hour; but 
bring the given hour weſt of London, if it is in 
the afternoon. ; 


Example. Let it be required to know in what 
olates it is XII o'clock, when it is ten in the 
morning at London. Therefore, bring that Xth 
hour on the equator, which is to the caſtward of 
London, under the irong braſs meridian, and 
the places that are under it's graduated edge will 
have the ſun upon their meridian when it is ten 
in the morning at London. Suppoſe the given 
hour at London to be three o 'clock, then bring 
that hour on the equator which is weſtward of 
London, to the ſtrong braſs meridian, and thoſe 
places which lie under it will be noon when it is 
three in the afternoon at London. 


2. Ir THE GIVEN HOUR BE IN THE AFTERNOON, 
BUT NOT AT LONDON. 


Bring 
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Bring the given place to the irong braſs 
mash and ſet one of the hour indexes 
to that XII Which is moſt elevated; then turn 
the globe from wrsr to E487, till the index 
points to the given hour, and the ſtrong braſs 
meridian will paſs over thoſe places which have 
noon at the given hour in the propoſed place. 


Let the hour propoſed be IV o'clock in the 
afternoon, at Port-Royal, in Jamaica. Bring 
Port-Royal to the ſtrong braſs meridian, and ſet 
the hour index to the moſt elevated XII; turn 
the globe from weſt to eaſt, until the horary index 

points to IV o'clock, and the ſtrong braſs me- 
ridian will paſs over thoſe places which have noon 
at the Go tony 5 4 pee 


3. Ir Tas crven HOUR BE IN THE MORNING, 
vor vor- ar ee gs | 

Bring thei given baer to tha 8 braſs. 
meridian ; ſet the hour index to the upper- 
moſt XII, and turn the globe from zasT to WEST, 
until the hour index points to the given hour; 
then the required places are under the ſtrong 
braſs meridian. Let the given hour be 30 min. 
paſt V at Cape Paſaro, in the iſland. of Sicily: 
5 Paſaro to the meridian , ſet the hour index 


to 
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the mot elevated XII, his move the globe 
weſtward, till the hour index. points to 30 min. 
paſt V, and the places under the ſtrong braſs me- 
ridian will have noon when it is J . 
in the 3 at e in n 


When it is noon at any place, to find what hour 
bol the day it is at any other place. F 


. Hau 6s b! 


Rule. Bring the place at which it is noon, to 
the ſtrong braſs meridian, and ſet the hour index 
to the uppermoſt XII, and zen turn the globe 

about till the other pfae e under the ſtrong 
| braſs meridian, and the hour index will ſhew 


upon the equator the required hour. 


If to the eaſtward of the place where it is noon, 
the hour found will be in the afternoon ; if to the 
weſtward, it will be in the forenoon. 


Thus when it is noon at London, it is 50 min. 
paſt XII at Rome; 32 min. paſt VII in the even- 
ing at Canton, in China; nr vil in 
the ning oor, Guat. . 


PROBLEM 


| 4a 283 


* 


n ee No 


2 


At any glow hong in the hes 1 you has 
find the hour at any place propoſed; or in 
other words, the hour where you are being 

given, to tell what hour it is in any other part 
of the world. 


Rule, Bring the propoſed as 3 the I 
ſtrong braſs meridian, ſet the hour index to the 
given time, then turn the globe, till the place 
where you are Is under the braſs meridian, and 

the horary index will point to the hour required. | 


Thus ſuppoſe we are at Lotidon at IX o'clock - 
in the morning, what is the time at Canton, in 
China? Anſwer, 31 min; paſt IV in the after- 
noon. When it is IX in the evening at London, 
it is about 15 min. paſt IV in the nden A 
Quebec, in Canada. h 1 


Or LATITU DE. 


We have already obſerved, that the equator 
divides the globe into two hemiſpheres, the 
northern and the ſouthern. | 
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The latitude of a place is it's diſtance from the 
equator towards the north or ſouth pole, meas 
ſured by _ _m the meridian of the ce. 

Air places, therefore, that lie under the ow, | 
are ſaid to have NO.LATITUDE, | 


All other places upon the earth are ſaid to be 
in north or ſouth latitude, as they are ſituated on 
the north or ſouth ſide of the equator; and the 
latitude of any place will be greater or leſs, 
according as it is further NaN or nearer to the 
equator. . 


Lines which keep always at the fame diſtance 
from each other, are called PARALLELS: 


If a diele oh circular line, be conc ed keep- 
ing at the ſame diſtance from the 1 it will 
be a parallel to the equator. 


Circles of this kind are commonly drawn on the 
terreſt 1 on both ſides of n e 


A circle of this kind at 10 degrees from: the 
equator, is called a parallel of 10 degrees. 


or TAE GLOBES. 283 


| When any ſuch parallel paſſes through two 
places on the globe's ſurface, thoſe two Eon 
have the ſame latirude. IM] | 


Hence parallels to the equator are called 
PARALLELS OF LATITUDE. _ 


There are four principal leſſer circles parallel 
to the equator, which divide the globe into five 
beds parts, called ZONES, | 


The circle on the north fide of the equator is 
called the TROPIC OF CANCER; it juſt touches the 
north part of the ecliptic, and ſhews the path 
the ſun appears to deſcribe, the 1 7 day in 
ſummer, 


That which is on the ſouth ſide of the equator, 
is called the TROPIC oF CAPRICORN; it juſt 
touches the ſouth part of the ecliptic, and ſnews 
the path the ſun appears to deſcribe, the ſhorteſt 
day in winter, 


The ſpace between theſe two tropics, which 
contains about 47 degrees, was called by the an- 
cients, the TORRID ZONE. 


288 DESCRIPTION! AND' USE 


Thune two polar circles are placed at the ſame 
| diflance from the poles, that * two W aro 
from the equator. 20429901 25 "Mp 


One of theſe is called the don rns, theothe 
the SOUTHERN POLAR CIRCLE. = | 


Theſe include 2 32 degrees on each fide of their 
reſpective poles, and conſequently contain 47 de- 
grees, equal to the number of TR included 
between the tropics, . 

The ſpace contained within the northern polar 
circle, was by the ancients called the NORTH FRI. 
GID ZONE ; and that within the ſouthern polar 
circle, the $0UTH FRIGID ZONE, 


The ſpaces between either polar circk, 'and it's 
neareſt tropic, which contain about 43 degrees 
each, were called by the ancients the Two TEM» 
PERATE ZONES, | e 


PROBLEM 


\.\ +. 
v 6 8 ' 3 . bo 4 , 6-4 3 Fi . 7 * 
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"PROBLEM vr. 


\ x 


To find the latitude” of any place. 


If the pupil comprehends the foregoing defini- 
tion, he will find no difficulty in the ſolution of 
this aid ſome of the —_—_ onal | | 


Rule. Ning the place to the dt fide 
of the ſtrong braſs meridian, and the degree which 
is over it is it's latitude. Thus London will be 
found to have 51 deg. 32 min. north latitude; | 
Conſtantinople 41 deg. north latitude ; and the 
Cape of Good Hope 34 deg. ſouth latitude. © 


PROBLEM VII. 


To find all thoſe places which have the fame 
latitude with any given place. 


Suppoſe the given place to be London ; turn 
the globe round, and all thoſe places which paſs 
under the ſame point of the ſtrong braſs meridian, 
are in the ne latitude. | | 


PROBGEM 


3 
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PROBLEM *. 


5 To find the difference of latitude between twa 
places. 


Rule. If che places be in the ſame hemiſphere, 
bring each of them to the meridian, and ſubtract 
the latitude of one from the other, If they are in 
different hemiſpheres, add the latitude of one to 
that of the other. | 


Emaguple.. The latitude of Landon is 51 deg. 
32 min.; that of Conſtantinople 41 deg. ; their 
difference is 10 deg. 32 min. Of the difference 
between London, 51 deg. 32 min. north, and 
the Cape of Good Hope, 34 deg. ſouth, is 84 
deg. 32 min, 


PROBLEM IX, 


— 
IE 


The latitude and longitude of any place being 

known, to find that place upon the globe ; or 

if the place be not inſerted on the globe, to find 

where it ought to be placed, and fix the center 
of the artificial horizon thereto, | 


Rule. Seek for the given longitude in the 
Ny. 25 and bring the moveable meridian to that 


point ; 


3 
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point; then count from the equator on the me- 
ridian, the degree of latitude either towards the 
north or ſouth pole, 


Example. The latitude of Henry" in Afia, 
is 38 deg. 28 min. north; it's longitude 27 deg, 


30 min. caſt of London; therefore, bring 27 deg: - 
zo min. counted eaſtward on the equator, to the 
moveable meridian, and ſlide the diameter of the 
artificial horizon to 38 deg. 28 min. north lati- 


rude, and it's center will be corretily e over 
SO 4 


272 


It may be proper in this place juſt to ſnew the 

that THE LATITUDE OF ANY PLACE 1s 
ALWAYS EQUAL TO THE ELEVATION OF THE POLE | 
OF THE SAME PLACE ABOVE THE HORIZON. The 


pupil, 


reaſon of this is, that from the equator to the pole 


is 90 degrees, from the zenith to the horizon is 


alſo go degrees; the diſtance of the zenith to the 
pole is common to both, and therefore if taken 
away from both, muſt leave equal remains; that 


is, the diſtance from the equator to the zenith 
which is the latitude, is equal to the elevation of 


the pole. t 
N | Ag 


\ 


F - 
\ 


and bring the artificial hori- 
zon to that degree, and the interſection of it's A 
edge with the meridian, is the ſituation 7 5 


. 


Land aſtronomy, ſome further account of it, it is 
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As the finding the Jongitude of places forms 
one of the moſt important problems in geography 


preſumed, will prove Mike _ uſeful to 
nn ; 90 Free 


For what can be more intereſting to a perſon 

in a long voyage, than to be able to tell upon 
what part of the globe he is, to know how far he 
has travelled, what diſtance he has to go, and 
how he muſt direct his courſe to arrive at the 
place he deſigns to viſit; theſe important par- 
ticulars are all determined by knowing the lati- 
tude and longitude of the place under conſidera- 
tion. When the diſcovery of the compaſs in- 
vited the voyager to quit his native ſhore, and 
venture himſelf upon an unknown ocean, that 
knowledge which before he deemed of no impor- 
tance, now became a matter of abſolute neceſſity. 
Floating in a frail veſſel, upon an uncertain abyfs, 
he has conſigned himſelf to the mercy of the 
winds and waves, and knows not where he is. 


The following inſtance will prove of what uſe it 
* to know the longitude. of places at ſea. The 
editor of Lord Anfon's —"_ TG of the 

iſland 


* Bonnycaltle's Aſtronomy, 
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iſland; of Juan Ferhandez, adds, Te uncer- 
tainty we were in of it's poſition, and our ſtand- 
ing in far the main on the 28th of May, in order 
to ſecure a ſufficient eaſting, when we were indeed 
extremely near it, coſt us the lives of between 70 
and 80 of our men, by our longer continuance at 
ſea; from which fatal accident, we might have 
been exempted, had we been futniſhed with ſuch 
an account 15 it a Gruagion, as we could fully have 
depended on.' 

The latitude of a POE the FI can eaſily - 
diſcover ; but the longitude is a ſubject of the 
utmoſt difficulty, for the diſcovery of which 
many methods have been deviſed. It is indeed 
of ſo great conſequence, that the parliament. of 
Great Britain propoſed a reward of 10,0001. if it 
extended only to 1 degree of a great circle, or 60 
gcographical miles; 15,0007. if found to 40 ſuch 
miles; and 20,0001. to the perſon that can find it 


within 30 minutes of a great fire, or 30 geogra- 
phical miles. 


We cannot enter fully into this ſubject in theſe 
eſſays ; it will, I hope, be deemed ſufficient, if 
ue give ſuch an account as will enable the reader 
to form a general idea of the ſolution of this im- 
portant problem, 


T2 | From 
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From what has been ſeen in the preceding 
pages, it is evident that 1 5 degrees in longitude 
anſwer to one hour in time, and conſequently 
that the longitude of any place would be known, 
if we knew their difference in time; or in other 
words, how much ſooner the ſun, &c. arrives at 
the meridian of one place, than that of another. 
The hours and degrees being in this reſpect com- 
menſurate, it is as proper to expreſs the diſtance 
of any place in time; as in degrees. 


"Now it is clear, that this difference in time 
would be eaſily aſcertained by the obſervation of 
any inſtantaneous appearance in the heavens, at 
two diſtant places; for the difference in time at 
which the ſame phænomenon is obſerved, will be 
the diftance of the two places from each other in 
longitude; on this principle, moſt of the 
methods in general ufe are founded. 


Thus if a clock, or watch, was ſo contrived, as 
to go uniformly in all ſeaſons, and in all places; 
ſuch a watch being regulated to London time, 
would always fhew the time of the day at Lon- 
don ; then the time of the day under any ether 
meridian being found, the difference between 
that time, and the correſponding London time, 
would give the difference in longitude. - 


For 
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For ſuppoſing any perſon poſſeſſed of one of 
theſe time-pieces, to ſet out on a journey from 
London, if his time-piece be accurately adjuſted, 
wherever he i is, he will always know the hour at 


London exactly; ; and when he has proceeded ſo 


far either eaſtward or weſtward, that a difference 
is perceived betwixt the hour ſhewn by his time- 
piece, and thoſe of the clocks and watches at the 
places fo which he goes, the diſtance of thoſe 
places from London in longitude will be known. 

But to whatever degree of perfection ſuch move- 
ments may be made, yet as every mechanical in- 
ſtrument is liable to be injured by various 
accidents, other methods are obliged to be uſed, 
as the eclipſes of the ſun and moon, or of Jupi- 
ter's ſatellites. Thus ſuppoſing the moment of 
the beginning of an eclipſe was at ten o'clock at 
night at London, and by accounts from two ob- 
ſervers in two other places, it appears that it be- 
gan with one of them at nine o clock, and with 
the other at midnight; it is plain, that the place 
where it began at nine is one hour, or 15 degrees 
caſt in longitude from London; the other place 
where it began at midnight, is 30 degrees diſtant 
in weſt longitude from London. Eclipſes of the 
ſun and moon do not, however, happen often 
enough to anſwer the purpoſes of navigation; 
1 . and 
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and the motion of a ſhip at ſea prevents the ob, 
ſervations of thoſe of en s ſatellites. 


1 the baer of, any celeſtial body be com- 
puted, for example, as in an almanack, for every 
day, or to parts of days, to any given merigian ; 
and the place of this celeſtial body can be found by 
obſervation at ſea, the difference of time between 
the time of obſervation and the computed time, 
will be the difference of longitude in time. The 
moon is found to be the moſt proper celeſtial ob- 
ject, and the obſervations of her appulſes to any 
fixed ſtar is reckoned one of the beſt methods for 
reſolving this difficult problem. | 


LENGTH oF THe DEOREESs of LONGITUDE. 


Suppoſing the earth to be a perfect globe, the 
length of a degree upon the meridian has been 
eſtimated to be 69,1 miles; but as the earth is an 
oblate ſpheroid, the length of a degree on the 
equator will be ſomewhat greater. 


Whether the earth be conſidered as a ſpheroid 
or a globe, all the meridians interſect one another 
at the poles. ' Therefore, the number of miles in 
3 degree muſt always decreaſe as you go north or 
ſouth from the equator, This | is evident by in- 

A bs 
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| Satin of a globe, where the . of lati- 
tude are found to be ſmaller in proportion oy 
are nearer the pods | 


The following TABLE ſhews how many apc 
phical miles, and decimal parts of a mile, would 
be contained in a degree of longitude, at each 
degree of latitude from the equator to the poles, 
if the earth was a perfe& ſphere, and the circum- 
ference of it's equinoctial line 360 degrees, and 
each degree 60 geographical miles. 


This table enables us to determine the velocity 
with which places upon the globe revolve eaſt- 
ward ; for the velocity is different, according to 
the diſtance of the places from the equator, being 
ſwifteſt as paſſing through a greater ſpace, and ſo 
by degrees ſlower towards the poles, as paſſing 
through a leſs ſpace in the ſame time. Now as 
eyery part of the earth is moved through the 
ſpace of it's circumference, or 360 degrees in 24. 
hours; the ſpace deſcribed in one hour is found 
by dividing 360 by 24, which gives in the quo- 
tient 15 degrees; and ſo many degrees does every 
place on the earth move in an Kour. The num- 
ber of miles contained in ſo many degrees in any 
latitude, is readily found from the table. 


Ta * Thus 
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Thus under the equator places revolve at the 
rate of more than. 1000 miles in an hour; at 
London, at the rate of about bon _— in an 

: hour, 


. TABLE. 


0 or TRE GLOBES. | 
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a Aar. enn LAT. 
Deg. Ate... De. Mite, * 
00 60,00  3I 514g 
1 5999 32 50,88 
2 59,96 & 50,32 
3 59492 * | 
4 59,86 3 
5 6997. 48,54 
6 59.67 37 47-92 
7 69,56 38 47,28. 
8 59,42 39 46,62 
9 59,26 49 45495 
10 59,08 41 45,28 
11 58,89 42 44459. 
12 58,08 43 43,88 
13 58,46 44 43,16 
14 58,22 45 42,43 
15 5795 46 41,68 
16 57,67 47 40,92 
17 5737 48 40,15 
18 57,06 49 39,36 
19 56,73 30 38,57 
20 56, 38 51 3776 
21 56,01 52 36,94 
22 55,63 53 36,11 
23 55,23 54 35,26 
24 5488 55 344 
25 $438 56 33.55 
26 5393 57 32,68 
27 $5346, 58 31,79 
28 5297 59 30,90 
29 5247 60 30,00 
30 51,96 61 29,09 
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Another circumſtande which ariſes from this 
5 difference of meridians in time, muſt detain us a 
little before we quit this ſubjeR, For from this 
difference it follows, that if a ſhipdails round the 
world, always directing hex courſe caftward, ſhe 
will at her return has gained one 
whole day of thoſe home; that is, 
if they reckon it May r; the ſhip's compatty will 
reckon it May 2; if weſtward, a "oy leſs, or 
April 30. 


This rata has been taken notice of by 
navigators. ** It was during our ſtay at Min- 
danzo (ſays Capt. Dampier) that we were firſt 
made ſenſible of the change of time in the courſe 
of our voyage : for having travelled fo far weſt- 
ward, keeping the, ſame courſe with the ſun, we 
conſequently have gained ſomething inſenſibly i in 
the length of the particular days, but have loſt in 
the tale the bulk or Ow * che days or hours. 


« kccerditg to the different longitodes of Eng. 
land and Mindanao, this iſle being about 210 
degrees weſt from the Lizard, the differetice of 
time at our arrival at Mindanao, ought to have 
been about fourteen hours; and ſo much we | 
ſhould have anticipated our reckoning, * 
gained 1 it by dein the ſun — 

| 4 Now 
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No the natural day in 3 be 
N to itſelf; but going about with, or 

againſt the ſun's courſe, will of neceſſity make a 
difference in the calculation of the civil day, 
between any two Places. Accordingly, at Min- 
danao, and o es in the Eaſt Indies, we 
found both nd Europeans reckoning a 
day before us, For the Europeans coming eaſt- 
ward, by the Cape of Good Hope, in a courſe 
contrary to the ſun and us, wherever we met, 
were a full day before us in their accounts.. 


« So among the Indian Mahometans, their 
Friday was Thurſday with us; though it was 
Friday * with thoſe that came eaſtward from 
: Europe. 


* Yet at the Ladrone iſlands we found tho 
Spaniards of Guam keeping the ſame computa- 
tion with ourſelves; the reaſon of which I take to 
be, that they ſettled that colony by a courſe weſt- 
ward from Spain ; the Spaniards. going firſt to- 

America, and thence to the en iſlands.” | 


Ie is clear, tt ed pate ode | 


part of this article, concerning both latitude and : 
longitude, that if a perſon travel ever ſo far di- 


yy towards caſt gr weſt, n be 
| always 


N e e eee 
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3 always the ſame, *though his ves would be 
nen en N | 


„ if be went direAly n north or four, his * 
| gitude would continue the ſame, but his latitude 


If 3 Ae be wok] change both his 
nu and n 5 


The. Gao and latitude of ks give. © 
their relative diſtances on the globe ; to diſcover, 

therefore, their real diſtance, -we have recourſe to 
5 the en 2 2 


PROBLEM X. 


Any place being given, to find the diſtance of 
that place from another, in a great Circle of 
the earth. 


We ſhall divide this problem into three caſes. 


Caſe 1. If the places lie under the ſame me- 
_ ridian. Bring them up to the meridian, and 
mark the number of degrees intercepted between 
them. Multiply the number of degrees thus 
found by 60, and they will give the number of 

8 EF | | geogray 
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geograpbical miles between the two places. But 
if we would have the number of Engliſn miles, 
the 9 ne muſt be OR 1% ; 


Cate a 0 15 the n lie under ihe equator: 
Find their difference of longitude in __ 1 
and multiply as in the preceding caſe, by 60, or 
69 f. | 5 y 15 


Cale 3. If the places lie neither under the 
ſame meridian, nor under the equator. Then 
lay the quadrant of altitude over the two places, 
and mark the number of degrees intercepted be- 
tween them. Theſe degrees multiplied as above- 
mentioned, will give the required ä 


A PARALLEL SPHERE is that poſition of the 
globe, in which the poles are in their zenith and 
nadir, it's axis at right angles to the equator and 
horizon, which coincide; conſequently, thoſe 
circles which are parallel to the e are > alſo s 
parallel to the horizon. 


The inhabitants that . to the e of 
the ſphere, if any there be, muſt live upon the 
two terreſtrial poles, and will have but one day 
_ one night throughout the year, each ſix 
. months 


» 


— 
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months long. The day, 1 to-thols) who ee oaks, 
the north pole, begins when the ſun enters Aries, 
and continues till he reaches Libra, when night 
commences, and continues the other fix months. 

Thoſe who live under the ſouth pole, experience 
the direct contrary ; but byth enjoy a long con- 
tinuance ee after the ſun bar W 5 08 


For half a year, the inhabitants of the pole ſee 
the ſun moving continually round above their 
horizon, in a kind of ſpiral line; when they firſt 
perceive him, he ſkims, as it were, their horizon, 
then riſes gradually higher, till he reaches the 
tropic, when he again deſcends, till he touches 
the horizon, when their long and gloomy night 
| e 


dong chain aſus s 4 * moon appears 8 
to them in the heavens only as a white cloud; in 
the winter, during her ſecond and third quarters, 
ſhe circulates above the horizon for ſeveral days, 
without ſetting, being a fortnight above, and a 
e below the horizon. 


They can 4 fre the Ad in that hemiſphere 
between the pole and the equator ; during half a 
year, none of them are viſible, being ſwallowed 


of Tus GLOBES? 0g 
To them the ſlars never let, hut move in circles 
parallel to the horizon, keeping always the fame 
altitude. The plancts are half their time A 
and half below rhe horizon. 


A RIGHT SPHERE. . * in which the equator 
is at right angles to the horizon, and therefore in 
the zenith and nadir, and in which che pales are 
in the horizon. 


he inhabitants that anſwer to this ſituation of 
the ſphere, live under the equator ; their days 
and nights are of an equal length throughout the 
year, WP cach of thern twelve Rouen! in . 


The fun riſes and for 1 1 he 
is half a year on one ſide their zenith, and as 
much on the other, eee it twice a W 
the equinoxes. | #1 


There is nothing uncommon in the appearance - 
of the moon, but her rifing and ſetting like the 
fun, nearly in a perpendicular direction; but 
there is to theſe inhabitants a moſt glorious. diſ- 
play of all the ſtars in the heavens, from pole to 
pole, al of hems rifing and ſetting perpendicular 
* the poles which lie in the horizon. 
An 


— e "ef? ">4 " OE INDIE EL : 4 TORY 
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An b] SPHERE is the poſition 060 
all the inhabitants of the earth, except thoſe who 
live at the poles, and upon the equator; it is thus 
named, becauſe ie: ee 9M 

Wan N 
; 18 ö 
In this ſphere the akis of the earth ae 
makes an acute angle with the horizon; the 
equator ee 46 half below it. e 
| \ WY! nee, 

All the parallels to the equator cut the horizon 
alſo obliquely, and thus make the diurnal arches 
greater or leſs than the nocturnal ones, 8 
Wy at "Way time of the mpg , 


Thoſe kai of this ſ ent wh live 
without the tropics, never have the ſun in their 
zenith; but under the tropics the fun is vertical 
once, and between the m—_— ME * _— ö 
twice every year. eee 


— In this poſition the ſtars riſe and ſet obliquely ; 
and as the moon, when at full, is always in an 
oppoſite ſign to the ſun, ſhe is on the ſouth fide 
of the equator in ſummer, and conſequently her 
altitude is low, and her courſe ſhort ; but in 
winter, when at the full, ſhe+ is in the northern 


" . | 
; HH , 
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greaz uſe in that dreary eſo. g | — 


$4; 


4 


E 1 ; 8 i „ 1 
„ My K * 5 r 7 NIE r n 
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F THE DIURNAL 9 985 OF THE Eantu.-. 9 


\ As the daily EY of the earth about it's 

ſome of the moſt eſſential points which a beginner 
_ vught to have in view, we ſhall now'endeavour . 
to explain it by the globes; and here; I-think, 
the advantage of globes mounted in my father's: 

manner, over thoſe generally uſed, will be very;  _ BB 
evident. ; wo. y 1 e . x | | 


7 , "I — 98 
2 1 e 11 n 
77 * 2910 LS I 2 2 LE * 47's 4 8 fa 2543.2 © 


We have 1 obſerved, hat in in globes 
mounted in our manner, the motion of the ter- 
reſtrial globe about it's axis repreſents the diurnal 
motion of the earth, and that the horary inder 
will point out upon the equatof the 24 hours ” ; 
one diurnal rotation, d that time. 


We ſhall now che} the broad paper circle 
as the plane which diſtinguiſhes light from dark. : 


neſs ; that is, the erilightened half of the earth's 
ſurface, from that which is not enlightened. | 


* 
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only upon one half of it; that is, one half of the 
ee e is 57 3 e e the other 
_ 1 ; 2 898 * of A, 


ent n be that half 
which: is above the broad paper circle; we maſt 
dauer een n de At: s 0 yy 


NOW V0 tron] 6.277 


* 


or let at bene the 
terreſtrial globe, paged We 
Mo e n rite e 1  OE 
r 
Then all thoſe N that are lic nk . 
paper circle, will be in the ſun's. a that is, 
it vile DAY in al A e 


«ad all lava that are Fan „ will 
be out of the ſun's eee in 9 
places it walk be NIGHT., 


« # * 
11 5 81 
STS: % 
. 


When any place on the earth's ſurface. comes 

to the edge of the broad paper circle, paſſing out 

ol the ſhade into the hy the Hd wl an 
| RISING at that Place, - | | 


eon Ib lors a 1 
6 2 


paper circle, going out of the light into the ſnade, 
the e een „r- 


5 4 


When we view the globe i in . aſition, we 
at once ſee the ſituation of all places in the illu- 
minated hemiſphere; whoſe inhabitants enjoy the 
light of the day. One edge of the broad paper 
citele ſhews at what place the ſun appears riſing 
at the sax time. And the oppoſite edge ſhews 
at hen Wat the ee en we TIN time. 
R 3s 2 "662-503 T6 v6þ 285 lidl 

© The 3 en As long a place is 
moving from one edge to the other; ee 
6 the OY or "night is at that 001 


8 


70 nrorIFy a. TrnnzoraaL nets 


3: ff 4 


"ve PREP is nee | 
the ſame poſition” in which our earth ſtands to 
the ſun, ; at 17 or my yo 7 460 


«gb of the carth's furkice, which is 4 15 
lightened by the ſun, is not always the ſame; it 
differs according as the ſan's declination differs. 


| 5 4 1 0D 
7 * 
* a 
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1 0 rectify chen the terreſtrial globe, is cobting 
it into ſuch a poſition, '-as that the enlightene 
half of the earth's ſurface x: be all above the 
broad paper Circle. 4 


ST, * — 4 Fa F F A T {TE 
i 48 1 wig | 


8 On the back eee braf aide, 
and on each ſide of the north pole, the months 
and days of the month, are graduated in two 
concentric 1 agreeable to the declination of 
the ſun. $2168) ü Corn een 
Aach 1 Foy * bei oats. ic 16% r. 
Bring the tay of the Mar tha 4 is xn 


on the back fide of the ſtrong braſs meridian, to 


coincide with eee en circle, and the 
globe 1 is rectified. in . 1 n afar} 


Thus ſet the firſt of May io coincide with the 


broad paper circle, and that half of the earth's 


ſurface which is enlightened at any time upon 


that day, will be all at once above the ſaid circle. 


If the horary index be ſet to XII when any 
particular place is brought under the firong braſs 
-meridian, it will ſhew the preciſe time of fun. 5 
white and Wer in at chat N PT e SY 


= 1 ws - 


9 Y 
JON y PE D at of Foy + 
8 n 
% * * 4 
Wy N "WW; 5 
\ : * - * 
— 
4 * E 


. 


N 1 vin alſo few how long any place is in 

moving from the eaſt to the weſt ſide of the illu- 

bet gf and thence the * end 
night. TRI R179 700, 26 QUEST 00 35g 191 


1 
6 #L'-v 
8 88 11 5 n #1 VI 2 
SK 7 ; ur 1 5. 0 4 „ 7 
* : * i + © ue $4 & + A © 4 


It will alſo point out the length of the twi- 
light, by ſhewing the time in which the place is 
paſſing from the twilight circle to the edge of the 


broad paper circle on the weſtern fide; or from 


the edge of this eirele on the eaſtern fide, to the 


twilight wire, and thus determine the length of 
the whole artificial day. 


b . "Sp A WY 
= 2 : R ” = 


24 4 * 


N. B. The teilgbt wire is plaed ar 18 de- 
nn 

we ſhall era exemplify upon the 
globes theſe particulars, at three different ſeaſons 
of the year, viz. the ſummer ſolſtice, the winter 
ſolſtice; and the time or times of the equinoxes, ' 
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ri: ki aud es TOON ar ue * 
x13 t $11 91 7 % e t: 


To SO * e e eee 
reſpect to the ſun, as our earth 1 is in at the time 
of ET ſolſtice. _ : 

| 1 1 977! 7 8 110 MF 13 5 1 

| - Regify hs -globe Hs ane het ofthe d. 
e for the month of June, or 234 degrees 

north declination; that is, bring theſe. diviſions 

on the ſtrong braſs meridian to coincide wb the 

Plane. of the broad PANE Is: . e tb. 


1% 11 il 


Then that part of the cath S 2 which is 
within the northern polar circle, will be above 
the broad paper Circle; and will be in the light, 
ah the p e will have no en 


py # 8 % AY Fs * 2. IF 
5 0 VP 1237 10 a % — bo 


| ih all 5 be lee ee et 
the ſouthern polar cirele, will continue in the 
ſhade; that is, it will there be continual night. | 


In this poſition of the globe, the pupil will 
_ obſerve how much the diurnal arches of the 
parallels of latitude decreaſe, as they are more 
and more diſtant from the elevated Po 


If any 2 285 be brought under the ſtrong braſ 
meridian, and the horary index is ſet to that XII 
| a which | 


88 * n 


«* _ # 
- $. 1 4 


ww 


or zun Gloszs. . 


wich is moſt cleyated, and the 5 be aſter⸗ 
wards brought to the weſtern ſide of the broad 


paper circle, the hour index will ſhew the time 


of ſun-rifing ; and when the place is moved to 
v Enron * ene e time of 


"i PITT Pap 3 
f * 5 , _ 32 N 41 2 0 n 


4 * - 
Ty % = 


The ns of the y is * by jt 


ſhewaby.che horary index, while the globe moves 


F : 
. TOY (Bot 1 


Thi vil be found, WER at FI TIC 0 


riſes about 15 minutes before IV in the om 


and ſets about "5 minutes after VIII at _ 


At „ehesten a it will neee 
rimes Re] in * able; 


: 
- { G * 


— 
5 4 o » * 2 
Sa} M £ * * 4 — 14 * 
N + * 1 1 4 * 
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8 | ba h 
on Horn = 13 
Cape of Good H 4 
Rio de j aneiro, is 7 2 5 
Iſland of St. Thomas, * 
near the equstor 6 2 


nen en 12 | 48 13 36/1 
v4 e We 


e the en, 


# 


75 degrees ſouth declination, 2 1 


ny 7 7 \ Ty 
8 15 prse rio Aus ver 8 


We alſo ſe, tide at the PATE INE! ie ix 
land at London, it is riſing at road e ag Oy 
e Nr 1 3.2 Bd a | OY 175 ml. ? 

t rote aa GN e 
| And, that at Ps a we ALI Jang 
dan, it is oy at 4, Fe of ne and ar 


, F * 4 r 
þ * . *> 1 4 112 2 * a 2s | * 


And when the fun is [Grin at the iſt of 
Borneo, in the Eaſt Indies, it is riſing at Florida, 
in America, and many other ſimilar circum- 
nee Ne to e places, are © as it ere 


5 » % SPY - 26. & Oh 
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Ln © N 74 
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3 the Sie af e _ hich dee 
to the ſon; at the time of the winter ee 


Rect the FR to the extremity of the —— 
Bens for the month of December, or to 2 31 


* 


„0 n 


Wben it will be apparent that the whold ſpace 
within. the ſouthern polar circle is in the ſun's 
light, and enjoys continual day; whilſt that of 


the northern polar circle is in 8 ſhade, and bag 
CORTE night. 


= 4 : | 
; 
1 
2 a 


* _— * 9 * * as Le . nl 
WWW Py | FK 
HL + g ; : * . 7 
. 2 5 1 p * 4 


er eng bless. 15 GY 
4 globe be turned round, as before, the 


0 horary index will ſuew, that at the ſeveral places 
before · mentioned their days will be reſpectively 
equal to what their ee IE OTE 170 


nn pate 8 , 
4 e 1 ol; 1 * 641 


It will i Lins! that iviwnow'fun-fening | 
at the ſame time in thoſe places, in which it was 
ſun⸗ riſing at the ſame time at the ſummer ſolſtice. 
aud er ons Ing at rde rows Nm 


oc o 3 f : / 3 F . 
F = : . by 
- a 1 N # + 
sf s 14 
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PROBLEM XIII. 


1227 \ $745 


To og * e eee at | 
. the times 8 the quinn 


cy 2 * 1 
2 4 4. 


The 8 eee hes of the 
equinox, a there muſt beno Nag 


0 the 8 4 4 * 8 32 A. 75 a * i 's 
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-Brivg the _s ion; hd: the ſun 
enters the firſt point of Aries, or day of the 
month when the ſun enters the firſt point of Libra, 
to the plane of the broad paper circle; then the 
two poles of the globe will be in that plane alſo, 
and the globe will be in e b och is 
Falled a RIGHT SPHERE, 


For 
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For it is a right. W cheanpentiee are 
in rhe plane of the broad paper circle, becauſe 
cken all) thoſe circles. which are parallel to the 7 
e will be at th angles e 


If the abs be now Need . md. to batt 
it will plaialy appear, that all places upon: it's 
ſurface are twelve hours above the broad paper 
circle, and twelve hours bel, it 3 that is, the 
days are twelve hours long all over the earth, and 
that the nights are equal to the days, whence 
theſe times are ae the t times of equinox. . 


"Two of theſe « occur in every 1 year; the firſt in 
nm FRE v 


At theſe ſeaſons 1 Cm appears to riſe at the 
ſame time to all places that are on the ſame me- 
ridian. The ſun ſets allo at * 8 0 
_ thoſe places. | 


©.  Thas if London and Mundford, on the gold 
coaſt, be brought to the ſtrong braſs meridian, 
the graduated ſide of which is in this caſe the 
horary index, and they be afterwards carried to 
me weſtern edge of the broad paper circle, the 
inder will . the ſun riſes” at * at both 

places; 
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we index pines V1 or the time of in uns 


N. B. If rl a wee v a - 
hour index | is to be ſet to the moſt elevated XII. 


dale err -e eee 
neee in 7 


On. TR dn a Honor 
FF oth POLO INE 3246 8002 
Tbe bnd chele eee e a 
pole to pole on the moveable meridian, has been 
already deſcribed, page 257. The circumference 
of it is divided into eight parts, to which are 
affixed the initial . of che ee com- 
ben R OE 16 E 
1 FFC 43.3013 | 
de a ee ofie e e particular 
place, the ſituation of any other place is ſeen, | 
with reſpect to that place; that is, en Tas 
be caſt, weſt, north, or fouth of it. 


1 vil, Mete, repreſen he horizon of 
that kee. FF 


We ſhall here uſe this r FRAN to. 
ſhew why the ſun, although he be always in one 
and the ſame place, appears to the inhabitants of 


36 ' DESCRIPTION! © AND Wr 
| ied av diffrent altitudes 200 in Wien 3 


© 14018 "IR3- Mitre 
» 4 33 * * * 
9 * n 5 „ Be uf 83: | 
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1 en xv. 9 


To exemplify the fan's attic; axoblerned wit 
: an Le horizon. mga ay 


.-Thoialtimides of the fun is e ee; ac- 
cording as the line which goes from us to the ſun 
KH taten jos einen en 
"Tod the bas circle deaplicd 0 any = 
ee eee i N eit 971 „ 


The ſun is ſuppoſed, as before, to be in the 
7enIth, ne Wr over en . 


it then 8 3 a "lng: yn 9 
wards, the ſun will be ſecn at London inthat Unc. 


At . when London is brought to the 
weſt edge of the broad paper circle, the ſuppoſed 
line will be parallel to the artificial horizon, and 
the ſun will then be ſeen in the horizon, 
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As the globe is gradually, turned from the weſt 


towards the caſt, the horizon will recede from 
that line which goes from London vertically up- 
wards ; fo that the line in which the ſun is ſeen, 
wo further and further from the horizon, 55 is, 


neee Nis 


* 1 12 
71 i 


1 X 1 TY s 
; * : 2" : * 2 14 7 
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| When the 0 an ot gs 
from London vertically upwards, are arrived at 
the ſtrong braſa meridian, the ſun is then at his 
greateſt or meridian altitude for that day, and 
eee, u edge g . _e 


14 . by 


After Seng a motion r. th "abs on con- 
wa the angle between the artificial horizon, 
and the line which goes from London. vertically 
upwards, continually decreaſes, until London 
arrives at the eaſtern edge of the broad paper cir- 
cle; it's horizon then becomes vertical again, 
and parallel to the line which goes vertically up- 
wann The ſun will in "poet in the _ 
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t ene ee See ae 

'@ edel Arts As NIA Ain e 
0f the furs 3 altitude ut the threr 
1 ee gn, e ee | 
* be * en ee 
ſolſtice, by problem xii. and PEA 5 center of 
| e ng mores wd oi Nen 

ine brat}; 

| When London is is at ies eee 
Arong braſs meridian, the line which gbes ver- 
tically upwards makes an angle of aliout 15 de- 
grees; this is the ſun's meridian altitude at that 
: prot to Gow PR Wn iy G 295 
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If the WR be rectified ee 4 i 
nox, by problem xii. the horizon will be farther 
ſeparated from the line which goes vertically up- 
wards, and makes a greater angle: therewith, it 
being about 38 f degrees; this is the ſun's me- 
HINT at the time wer Mean; 8 


Again, reify to the 1 folfice by * 
xi. and you will find the artificial horizon recede 
farther from the line which goes from London 
vertically upwards, and the angle it then makes 
is about 62 degrees, which ſhews the ſun's me- 


ridian altitude at the time of the umme ſolſtice. 
Hence 
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| Hence flows alſo the: folloving arthmetcal | 
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To find the ſun's meridian altityde uni e ut univerſally. 


Kr pe tor the = 


Add the ſun's declination to the elevation of the 
equator, if the latitude of the place, and the de- 
clination of the ſun are bot on the ſame ſide. 


: k * 7 , 0 
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If on contrary ſides, ſubtract the declination 
from theelevation of the ge and you obtain 


the ſun's; meridian altitude. 


Thus the /dlevation of the . owe; its 
N, oo... Ab 8. 
The fun $ declination on the 20thofMay.,20. 8. 
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Add the ſun's greateſt declination at the . 
time of the ſummer ſolſiae | | 


1 "Sa 

fun is the ſun's greateſt meridian BE: 
1 2 : + 2 23 tt, 8 
. "altitude a Todo” = — an 6 57 


N X > e 
I ; 1 "ES. * 
oy 18 3 0 F — 
＋ 7 Tas x * 4 d * * 7 As * 8 
S's > : * 1 : 
2 = 0 0 * 2 


- ' ”s , ” 1 " \ * * 1 ya 

a 172 * 9 y 74 K k 2 oy > F 1 i --'L 8 5 n * 7 7 , >» 
ALY @ 8. 8 EEE, IS 3.4 * „ 3 124 2 * Ti 17155 1 2 N * 1405 2 4 2 2 

0 1 , 4 4 0 5 1 4 o 

. F Web... * 

0 {hs 1e. 

N ; 175 7 5 5, ; 1 . 
Y re EI EDT ERS!» £335 5 6 Ar 3 

e — | 75 L 44 24K 5 4 Fs - ** d * k -< 2 7 EY *% * 5 In WW "vp , 
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11,5) ” artificial horiron : 0 3 
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5 ag AZIMUTH of the ſun is acoifiliteh from 


3 that point of the horizon, to which the ſun, or 4 
1 the Jan, 4 48 neareſt, 5 1 | | „ 


{4 


£7 FT if the fun, or a fink going to , the ſun; 


neareſt the ſouth-eaſt point of the horizon, 


Wien point is 45 degrees diſtant from the me- 
ridian, the ſun's azimuth is an azimuth of 45 


degrees, and the ſun will appear in the ſouth-caſt- 


* 


\ ' 


24 or aus olenss . : 
eien ſut, as we have done before, o 
ney ae the 2 ER 


Aj r ein E 
i W to he da os 
any place on the ſurface of the globe, will have a 
vertical direction, er . 80 1 that 1 
e 55 . = 


dy 4 7 4 
4 i # 1 + 


If * e Get 8 _ 
place, the point of this horizon to which a ver- 
line is neareſt, ſhews the ſun's mne 
time. i | 5 
1b del id te ee ee, 
to which ſuch a vertical line is neareſt; will be a 
all times chat 2 88 1s moſt OO 
To 8 a. 8 | 
pofition of a right ſphere; and let the Wii 5 


woe be nen to London, | 


j 
_ 1 * 


When London is at the weſtern edge of the 
broad paper circle, which ſituation repreſents the - 
time when the ſun appears to riſe, the eaſtern 
point of the artificial horizon being then moſt 
Jevated, ſhews that the ſun at his riſing is due 


d. | \ 5 3 1 


4 
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| 


Turn the globe, tilt London 1 to the 
eaſtern edge of the broad paper circle, then the 
weſtern point of the artificial horizon will be 
moſt! ae Roving that the hs ſets due weſt, 

'F $f; T. at 
| Now FOR ae globe i in the ede of an "oY 
ltique ſphere ; and if London be brought to the 
eaſtern or weſtern ſide of the broad paper circle, 
the vertical line will: depart more or leſs from the 
eaſt and weſt points, in which caſe the fun is 
faid to have more or leſs AMPLITUDE.” - 


If the departure be northward, it is called 
northern amplitude; if me it is Fakes 
ſouthern ata . ot ES 


In * e boden the globe de 1 eben 
London comes to the ſtrong braſs meridian, the 
moſt elevated part of the ee horizon 
vill be the ſouth point of it. 


Which PIE” Wo at noon the ſun will: always, 


and in all ſeaſons, appear n 


Te globe is not ſuppoſed in this caſe, or under this 
view of things, ever to be elevated above the limits of the 
ſun's declination, 


PROBLEM 
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| 1%. vnn. Fi 8 

r * 
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wi tluſtrte © ancient diflin&tion of different 5 


— Places, on the earth, according to the diverſity 
of the ſhadows of upright bodies at 1 noon. 


Yes he Bev nav is tn he A any 


us the inhabitants of that place were by the 
ancients called ASCII; that i is, without ſhadow : 
for. the ſhadow of a man ſtanding upright, when 
the ſun is diredlly. over his head, is got extended 


beyond that part of the earth which is directly 
| n his body, and therefore will not be viſible,” 


| A the ſhadow of every opake body is extended 
from the ſun, it follows, that when the ſun at 
noon is ſouthward from the zenith of any place, 
the ſhadow of an inhabitant of that place, and 
indeed of every other "— body, is NG 
towards the north. 


But when the ſun is northward from the zenith 


of any place, the ſhadow falls towards the ſouth. 


bd tub cles 50 
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ng 3 


"Thoſe are called Avptiracir, that have mo” 
kinds of meridian ſhadows. | 


T hoſe: ele 8 ſhadows + are "always 
projected one way, are termed | HETBROSCLL. | 


©& 
&*r 


Re&tify the globe to the 128 Allie, and 
move the artificial horizon to the equator,” the 
5 north point will be the moſt elevated. at noon. 


Which ſhews, that to thoſe inhabitants who 
live at the equator, the ſun will at this ſeaſon ap- 
pear to the north at noon, and their mne n 
therefore be projected ſouthwards. 


But if you. : ah the Blade to the winter | 
Glltice, the ſouth point being then the uppermoſt 
point at noon, the ſame perſons will at noon have 
the ſun on the ſouth ſide of cem, and will Pro- 

ject their ſhadows northwards. 


Thus they are amphilcii projecting their ſhade 
bak ways, which is the caſe of all the inhabitants | 
within the tropics. - | 
The artificial horizon remaining as before, 
rectify the globes to the times of the equinox, and 
es will find that when ons horizon is under the 

. 


% 
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a) braſs meridian; a line going vertically up- 

wards will be perpendicular to it, and conſe. 
quently the ſun will be directly over the heads of 
the inhabitants, and they will be aſcii, having no 
noon ſhade; their ſhadow is in the morning 
projected directly 1 in che . | 
directly eaſtward. 


The ſame thing will alſo happen to all the in- 

habitants who live between the tropics of Cancer 
and Capricorn, ſo that they are not only aſcii, but 
n, allo, 

Thoſe who live ane the tropics are e heterol- | 
cil ; thoſe in north latitude have the noon ſhade 
always directed to the north, while thoſe in ſouth 
| latitude have it always projected to the ſouth. 


The inhabitants of the polar cireles are called | 


PERISCIT, becauſe as the ſun goes round them 
carta their ſhade goes ound them I 


„ PROBLEM 
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? TEE l bes wal © 

ot hen ANTGGI, rail, 15505 ANTIPODES 1 
43 . ry 1 

Theſe terms wiring ofien e =o geogha» | 


phical, Writers, it will be 9 i. ay _ 
| notice of ee. 


# 1 


The ANTECI are two nations which are in or 


near the ſame meridian, b one in north, the 
bother in ſouth latitude. 1 2 

They have, therefore, the ſame longitude, 
but not the ſame latitude ; oppoſite ſeaſons of the | 
year, but the ſame hour of the day ; the days of 
the one are equal to the nights of the other, and 


vice verſa when the days of the one are at che 
longeſt, ey are ſhorteſt at the other. 


7 When they look Re 5 other: the ſun 
ſeems to riſe on the right hand of the one, but on 
the left of the other.. They have different poles 
elevated, and the ſtars that never ſet to the one, 
are never ſeen v7 the other. 


| Per1cct are allo two oppoſite nations, G d 
on the ſame Ne of latitude. #1 


They 
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differ 180 degrees in longitude ; the ſame ſea- 
ſons of the year, but oppoſite hours of the day : 

ſor when it is twelve at night to the one, it is 
twelve at noon with the other., On che equi- 
noctial days, the ſun ee ee _ it is 
ſetting to the other. | 


AnTiPopts are two nations diametrically op- 
poſite, which have 1 and rr 
PIES ahd pie, cone axed 


The aun ans ſtars riſe to the one, MED ſer 
tothe other, and that during the whole year, ap 
_ _ vw fame EMT. | "4 

The ki of the one is the 1 of the e 


and when the day is longeſt with the one, the 
other _ it's ſhorteſt day, 


They have contrary ſeaſons at the ſame time; 
different poles, but equally elevated; and thoſe 
ſtars that are always above the horizon of one, 
are always under the en of the other. 


To ca theſe particulars, bring the given 
place to the ſtrong braſs meridian ; then in the 
oppoſite hemiſphere, and under the ſame dare” 


A 5 of 


babe wc  hagive place omit find Ithe 
| 2 egos e e 1 
meg a 8 eee r the 3 | 
ſet the horary index to XII; then turn the globe, 
till the ↄther XII is under the index, then will 
you find the periceci under the ſame dent 
nude with the 158 _ . 
Thus the ub” attend, on of. the 
Chili are antœci to the people of New England, 
| whoſe periceci are thoſe Tartars who dwell onthe 
north borders of China, which Tartars i 
gl eee of Chili 150 ar - gong 


Dee nen 


Ss Bog 


This will wi otitis * e the 
globe 1 in the poſition of a right ſphere, and bring- 


ing thoſe nations to the "OY * me "OY 1 7 
circle. | | 


PROBLEM 
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or THE/GLOBES, 0 gag) 


LM HH PR 0 BL EM, *. 


The 5 of the manth being bien, to 25 | 
. thoſe places on the globe, ads Whoſe zenith 
[the fun vil Pat en dan. 


Bedi) the: jerpeſtrial globe, by bringing the. 
given day of the month on the back ſide of the 
ſtrong braſs meridian, to coincide with the plane 
of the broad paper circle; obſerye the number of 
degrees of the braſs meridian, gs TOR 
0098 given day of the month. 


This number of degrees, counted Og PO 
equator on the ſtrong braſs meridian towards the 
elevated pole, is the point over which the ſun is 
vertical ; and all thoſe places which paſs under 
this point, have the ſun e vertical on the | 
given Cay. 


| Engl, Bring the 11th of May to coincide 
with the plane of the broad paper « circle, and the 
ſaid plane will cut 18 degrees for the elevation of 
the pole, which is equal to the ſun's declination 
for that day, which being counted on the ſtrong 
braſs meridian towards the elevated pole, is the. 
point oF which the un will be vertical; and all. 
9 places 


\\ 
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Places that are under this degree; will have the 
apa on their en en ee, 11th qi. 


83 © 
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| Henee when the ſun's declination is Om to 
the latitude of any place i in el doc zone, Pa 
ſun will be vertical to thoſe inhabitants that day ; 
which furniſhes us with another: ne! | c 
wn { Te ih *7 xe A 


2 1 N a 
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To find the car's ard the ru percics 


"Conſider IEEE the year in which you ſeek 
the ſun's place js biſſextile, or whether it is the 
fiſt, K or third For after, ts 


"Irs be the firſt year after biſlextile, thoſe 4. 

viſions to which the numbers for the days of the 
month are affixed, are the diyifions which are to 
be taken for the reſpective days of each month of 
that year at noon; oppoſite to which, in che 
circle of twelve ſiens, is the = s place. 


If it be the ſecond. year after bifſextile, 5 | 
| firſt quarter of a day backwards, or towards the 
left hand, is the day of the month for that year, | 


againſt which, as before, is the ſun's place. 


A 
5 fa 
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three quarters of a day backwards is the day of 
the month for Wan 155. men to which i is the 
ho place, 1 ati 


CC 
Ic the W which you ſeck the fan's 2 be 
biſſextile, then three quarters of a day backwards, 
is the day of the month from the xt af January to 
the 28th of February incluſive. The intercalary, 
or 29th day, is three-faurths of a day to the left 
hand from the 1 of March, and the iſt of March 
itſelf one quarter of a day forward, from the di- 
viſion marked i; and ſo for every day in the 


remaining part of the leap- year; * aer 
theſe cons: is 8 ſun's * 


In hl manner "hes IWR Al is very well 
introduced every fourth year into the calendar, 
and the ſun's place very ara; fa obtained, wann. 

ing to we 1 985 eee 80 


Thus, 


A. D. BVBun's place, Apr. 25s 
1788 Biſſextile „„ ba | 


* Firſt year after x — 3 175 
e Eg 
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| pon my father's globes there are twenty- ie 
_ parallels, drawn at the diſtance of one degree 

from each other on both ſides the equator, which, 
with two other parallels at 23 f degrees diſtance, 
+ ee the e . rk 


. ak TN, 
| cooking that on the north ſide of the equator is 
called the tropic of Cancer, that which is on the 


OS * op r N 


| iid: as aint: is inclined to HET e 
in an angle of 23 2 degrees, and is included be- 
tween the tropics, every parallel between theſe 
muſt croſs the ecliptic in two points, which two 
points ſhew the ſun's place when he is vertical to 
the inhabitants of that parallel; and the days of 
the month upon the broad paper cirele anſwering 
to thoſe points of the ecliptic, are the days on 
which the ſun paſſes direttly over their heads at 
noon, and which are ſometimes called their Lay 
midſummer days. | | 


It is uſual to call the ſun's diurnal paths 
parallels to the equator, which are therefore aptly 
repreſented by the above-mentioned parallel cir- 
cles; though his path is properly a ſpiral line, 

| which he is contigually deſcribing all the year 


long. 


7 


. 
4 p 
** 
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0 ng eteszs, 8 933 f 
long, appearing! to move oy; about a vue in 
the YE, | | 


1 ; . 
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(PROBLEM un. 5 15 __ 
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To find the funit 8 1 20 be the | 
Fe of ends correlpanding , 


771 


Find the fur” 8 place for "the given. * in the 
broad paper circle, by the preceding problem, 
and ſeek that place in the ecliptic line upon the 
globe ; this will ſhew the parallel of the ſun's de- 
clination among the above-mentioned dotted 
lines, which is alſo the correſponding parallel of 
latitude ; . therefore, all thoſe places through 
which this parallel paſſes, have the ſun in their 
zenith at noon on the given 8 | 


| Thin © bs the: 234 of May the aun. $ 1 5 
will be about 20 deg. 10 min.; and upon the 
23d of Auguſt i it will be 11 deg. 1 3 min. What 
has been faid in the firſt part of this problem, 
will lead the reader to the ſolution of the follow- 
ing. | | 


: EM 
Ld . 
* 4 


vr se Rif a5 sbb 
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* i $a i 4+ ® 12 „ * : 4 
ESL TIT? "2 2s" ; . Ir. 7 4 


PROBLEM XXIII. . 38 : 
Jo find the bs dis bn whith the fat u in the 
renith of any given place that is fituated be- 
tween 15 two 5 1585 
1 1 $ hs 38 20 8,517 47 + TR 
That parallel 6f declinirion” which” . 
through the given place, will cut the ecliptic 
line upon the globe in two points, which denote 
the ſun's place, againſt which; on the broad 
paper circle, are the days and months required. 


w * „* 
- Tk „ - 8 A : ; Ca 922 : 4 1 n + * 4 
# + 5+. ; $3 3 4 * * 0 R eat | 9 1 E M * | 4 - 4 : f , : q 
— s 2 \ — 
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{Fa "343 15 


The day and hour at any place being EY to 
ind where the fun Is vertical at tm time, 
Rectify the globe to the day of the month, 
Tee page 307, and you have the ſun's declination; 
bring the giben place to the meridian, and ſet 
the hour index to XII; turn the globe, till 
the index points to the given hour on the Equator ; 
then will the place be under the degree of the 
declination th found. : 


- 


Let the given e be . and time the 
lith day of May, at 4 min. paſt V in the after- 
noon; bring the 11th of May to coincide with 
ö . e 


* 


- 
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the broad paper: circle, | and oppoſite. to it you 
wilt find 18 degrees of north declination; as 
London is the given place, you have only to turn 
the globe, till 4 min. paſt V weſtward of it; is on 
the meridian, when you will find Port- Royal, in 
Jamaica, under the 18th degree of the meridian, | 
which is the place where the fu is vertical at that 
time. | | 


. * * 1 * 
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Theti time 5 he 205. at e 1 ink 
to find all thoſe places where at the ſame in- 
ſtant the ſun is riſing, ſetting, and on the me- 
ridian, and where he. is vertical; likewiſe, 
thoſe; places where i it is midnight, twilight, 

and dark nigii;; as well as thoſe places in 
which the twilight is beginning and ending; 
and alſo to find the ſun's altitude at any hour in 
the illuminated, and his depreſſion in the ob- 
cure, ne 


| Redtify che globe to the 9 on 

the back ſide of the ſtrong braſs meridian, and 

the ſun's declination for that day; bring the 

given place to the ſtrong hraſs meridian, and ſet 

the horary index to XII upon the equator; turn 
a 5% 


8 
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nn Then B 


* 44 W | 
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All thoſe Micha which lie in the plane of the 
| tweſſteth fide of the broad paper circle, ſee the ſun 
riſing, and at the neee eee 
6 Elta ez er 


It is noon to all the inhabitants of choſe ies 
under the upper half of the graduated ſide of the 
ſtrong braſs meridian, whilſt at the ſame Game 
885 nen * n as es ene | 

28 *2 

All thoſe cs which ate beteren the upper 
ſurface of the broad paper eircle, and the wire 
circle under it, are in the twilight, which begins 
to all thoſe places on the weſtern fide that are 
immediately under the wire circle; it 5 ends at 
all thoſe n are in the vu of the e paper 
cel | 


The contrary beg? on _ eaſtern fide ; 
the twilight is juſt beginning to thoſe places in 
which the ſun is ſetting, and it's end is at " as 

_ zuſt under the GOO” e 


a7 br THE £1092s. Ic. * ta2 


a thoſe PREM which are under the twilight | 


wire circle have dark night; unleſs og moon is 
wan to thems LG 


All ns i in 5 inaminsted hemiſphere have 
the ſun's altitude equal to their diſtance from the 
edge of the enlightened diſc, which is known by 
fixing the quadrant of altitude to the zenith, and 
lay ing it's graduated edge over _ tans 
p | | Mas fios 2901 


The ſun's depreſſion is: obtained in the ſame 
manner, by fixing the center of the 1 at 
the nadir-. 


PROBLEM  XXVI. 798 

To find all thoſe places within the polar circles, | 
on which the ſun begins to ſhine, the time he 
ſhines conſtantly ; when he begins to diſap- 
pear, the length of his abſence, as well as the 

firſt and laſt day of his appearance to thoſe in- 
habitants ; the day of the month, or en 105 
on e being given. | 


bring the given day of the month on the back 
fide of the ſtrong braſs meridian, to the plane of 
the broad paper circle ; ; the ſun is juſt then be- 
Y grinning 


— 
- 8 * \ 


PS: 
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ginning to ſhine on all thoſe places e are in 


the parallel that juſt touches the edge of the 
broad paper circle, and will for ſeveral days ſeem 
to ſkim all around, and but a little' above their 


-horizon, juſt as it appcars to us at it's ſetting ; 
but with this obſervable difference, that whereas 


our ſetting ſun appears in one part of the horizon 


only, by them it is ſeen in every part thereof; 
from weſt to ſouth, thence eaſt to narth. and ſo 
to the weſt again. 


Or if the latitude be given, elevate the globe to 


that latitude, and on the back of the ſtrong 
| braſs meridian, oppoſite to the latitude, you ob- 


tain the day of the month, then all the other re- 


quiſites are anſwered as above. 


As the two concentric ſpaces which contain 
the days of the month on the back ſide of the 
ſirong braſs meridian; are graduated to ſhew the 
oppoſite days of the year, at 180 degrees diſtance; 


| when the given day is brought to coincide with 
the broad paper circle, it ſhews when the ſun 
begins to ſhine on that parallel, which is the firſt 


day of it's appearance d the born or ot 


1 e 


5 And 
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E ch 1 ol the broad paper circle cuts 
the day of the month on the oppoſite concentric 
2 when the ſun . to en to thoſe 


| The 9 of the longeſt day is . by 
reckoning the number of days between the two 
oppoſite days found as above, and their difference 
from 365 gives the length of their * night. 


2 71 TY EM XXVII. | 


To make uſe of che globe as a tellurian, or that 
kind of orrery which is chiefly intended to 

illuſtrate the phenomena that ariſe from the 
annual and diurnal motions of the earth. 


- Deſcribe a circle with chalk upon the floor, as 
large as the room will admit of, ſo that the globe 
may be moyed round upon it ; divide this circle 
into twelve parts, and mark them with the cha- 
racters of the twelve ſigns, as they are engraved 
upon the broad paper circle; placing S at the 
north, VF at the ſouth, J in the eaſt, and <> in 
the weſt : the mariner's compaſs under the globe 


will direct the ſituation of theſe points, if tbe | 


variation of the magnetic needle be attended to. 
4 Note, 


4 


* DESCRIPTION! any USE | | 


Note, At London the aas is between Y 
and 24 SO From the north weſtward,” 


Sema i e FIG 


* 


Eleview hs north pole of the Jokes ſo Hit 
662 degrees on the ſtrong braſs meridian may 
coincide with the ſurface of the broad paper cir- 
cle, and this circle will then repreſent the plane 
of the ECLIPTIC, or a 1 255 S wit the | 
' earth's orbit. 


Set a ſmall table, or a ſtool, over the center of 
the chalked circle, to repreſent the ſun, and place 
the terteſtrial globe upon it's circumference 
over the point marked V, with the north pole 
facing the imaginary ſun, and the north end of 
the needle pointing to the variation; and the 
globe will be in the poſition of the carth with 
reſpect to the ſun at the time of the ſummer ſol- 
ſtice, about the 21ſt of June; and the earth's 
axis, by this rectification of the globe, is inclined 
to the plane of the large chalked circle, as well 
as to the plane of the broad paper circle, in an 
angle of 664 degrees; a line, or ftring, paſſing 
from the center of the imaginary ſun to that of the 
globe, will repreſent a central ſolar ray connect- 
ing the centers of the earth and ſun: this ray will 
fall upon the firſt point of Cancer, and deſeribe 
that circle; ſhewing it to be the ſun's place upon 
"4/45 20 


: 
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the terreſtzial ecliptic, which is the ſame. a8 if the 
ſun's place, by extending the ſtring, was referred 
to the oppoſite ſide of the chalked circle, here 
. err the earth ren in the Nasn. "ry 


75 1 1 14 Fi pes | 


If we conceive a as at 8 hs cen- 
ter of the globe, and the ſun's center, it will alſo 
paſs through the points of Cancer and Capricorn, 
in the terreſtrial and celeſtial ecliptic; the central | 
ſolar ray, in this poſition of the earth, is alſo in 1 
that plane; this can never happen but at the 
times i the eee tes MA, 
1 be ee to eu An | 
the center of the globe at right angles to the cen- 
tral ſolar ray, it will, divide the globe into two 
hemiſpheres ;. that next the center of the chalked 
circle will repreſent the earth's illuminated diſc, 
the contrary fide of the ſame plane will at the ſame 
time ſhiew the obſcure e 


The W may 8 this en” pike by 
cutting away a ſemicircle from a ſheet of card 
paſte · board, with a radius of about 1 tenth of an 
inch greater than that of the Sy ſelf, POE: 


* 
* 
AY 


n 5 5 in 62.49 ] BACF?* 
* Or he may have a plane made of wood for this purpoſe. 


9 
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3 
I this plane be applied to 66 degrees upom 
the ſtrong braſs meridian, it will be in te pole of 
che ecliptic; and in every ſituation of the globe 
round the circumference' of the chalked eirele, it 

will afford a lively and laſting idea of the various 
phænomena ariſing from che paralleliſm of the 
earth's axis, and in particular the daily change of 
the np.” 440 5 5 een a e 

ene N | 


Let desde the removed from Has to c. wo 
the needle pointing to the variation as before, 
will preſerve the paralleliſm of the earth's axis; 

_ then it will be plain, that ehe ſtring, or central 
folar ray, will fall upon the firſt point of Leo, 
fix ſigns diſtant from, but oppoſite to the ſign , 
upon which the globe ſtands; the central ſolar 
ray will now deſcribe the 20th parallel of north 
declination, which will be about the 23d of July. 


If the globe be moved in this manner from 
point to point round the circumference 'of the 
| chalked circle, and care be taken at every removal 
that the north end of the magnetic needle, when 
ſettled, points to the degree of the variation, the 
north pole of the globe will be obſerved to recede 


from the line connecting the centers of the earth 


and kun, until the . is placed upon the point 
1 5 noch 
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Cancer; after which, it will at every removal | 
tend more and more towards the ſaid owt till it 
CON to hens pint T 


PROBLEM | oral 


To refiſy the he to the nitudeand horfen 
g of wo _ 


1 the. 58 0 in 1 e raiſe te 
north pole; if in ſouth latitude, raiſe the ſouth 
pole, until the degree of the given latitude, 
reckoned on the ſtrong braſs meridian under the 
elevated pole, cuts the plane of the broad paper 
circle; then this circle will bo the horizon 
of that place. 


* ; 2 


PR OBLE u XXIX, 


To reQtify for the ſun's place. 


After the former reQification, bring the de- 
grees of the ſun's place in the ecliptic line upon 
the globe to the ſtrong braſs meridian, and ſet 
the horary index to that XIIth hour _ the 
equator which wut oe” < 


— 
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Or, TRE ſun's place is to be l to an 
Cube various concluſions, : bring the graduated. | 
edge of the moveable meridian to the degree of 
the ſun's place in the ecliptic, and flide the wire 
which eroſſes the center of the artificial horizon 
thereto; then bring it's center, which is the in- 
terſection of the aforeſaid wire, and graduated 
edge of the moveable meridian, under the ſtrong 
braſs meridian as before, and ſet the horary index 
to that 1 on the equator Oy is e ger 
vated, ; | 


T5 


"PROBLEM XXX, 
of | ; 1 | F 4 & ; þ S . : ; 958 * 
To rectify for the zenith of any place, 


Aſter the firſt rectification, ſcrew the nut of 
the quadrant of altitude ſo many degrees from 
the equator, reckoned on the ſtrong braſs me- 
ridian towards the elevated pole, as that pole is 
raiſed above the plane of the broad paper circle, 
and that point will N the; mom of. Bar 
plane. 


Note, The ich and ad are whe poles of 
the horizon, the former being a point directly 
over our heads, and the Ts one directly under 


y our feet. | 
If, 


or TRE G ang 945 | 


Ig when the globe i isin \ this ſtate, we look on 
ths oppoſite ſide, the plane of the horizon will 
cut tho ſtrong braſs meridian at the complement 


of the latitude, which is alſo the e eee _ 
e above the ne h 5 gre) 


I #54 


Or THE . ws SOME Panto IN WHICH 
TE BroaD PAPER CIRCLE Is CONSIDERED AS. 
run RATIONAL Hox1zox, 418 25617 noy 1 


. p R O * ee ed att 
| WY FOSHGO een $014 
To ſhew at one view upon the terreſtrial globe | 
for any given place, the ſun's: meridian alti- 
tude, his amplitude, or point of the compaſa, 
on which he riſes and ſets every day in the year. 


Rectify the globe to the latitude of the given 
place, bring that place to the ſtrong braſs me- 
ridiany and: ſet the horary index to XII; ſcrew 
the quadrant of altitude to the zenith of the 
horizon, and bring it io the nnn. 9 


You will then at one view ſee the ſun's me- 
ridian altitude on every degree of the ſun's decli- 
nation for the whole year, cut by the graduated 
edge of the quadrant of W on the en | | 
fans | 


> 
1 


Theſe 


8 
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cut the edge of the broad paper circle, now re. 
preſenting the horizon, in the point of the com- 
| paſs, or amplitude, on which the ſun is ſeen to 
riſe on the eaſt, or to ſet on the weſt ſide of the 
horizon, for every e of CI ae 
out 1 1 2 


11 


11 you trace any 5 of thoſe e parallels to vhs p- 

e line, you have the ſun's place when he is upon 
that declination, and thence the day and month 
vu. the harizon. | Th 


Al, the knowledge of BY ſun's place in the 
"leis line, ſhews the ſun's declination for that 
ume amongſt the dotted 0 


F R QB LEM XXIII. 
To ſhew at one view upon the terreſtrial globe the 
length of the days and nights at any particular 
place, for all times of the year. 


Rectiſy the globe to the latitude of the place, 
and the broad paper circle will repreſent the hori- 
zon; and the upper part of the dotted parallels 
of declination, which are here alſo parallels of 
latitude, will OO the diurnal arches. _ 
; | ESO Whence 


ene e n 8 
each of them contains, which is the OY 
the problem. 850 e e > 


Klevate the . to 10 poſition of a right 
ſphere, and you will, with one glance of the eye, 
ſce that all the dotted parallels of declination, as 
well as the equator itſelf, are cut- 15 che n 

8 two equal „„ 17 £135 09) Dj | 


Therefore the inhabitants on the equinoRtial 
line have their days and nights twelve hours long: 
that is, the fun is never more, nor ever leſs than 
twelve hours above their horizon, during his ap- 
parent paſſage from rhe tropic of Cancer to the 
tropie of Capricorn, and thence to Cancer aal. | 


All the fixed ſtars have the fame apparent mo- 
tion to the equatorial inhabitants; that js, they 
riſe and ſet, continue above, and are depreſſed 
below the horizon of any place _ the en 
exactly twelve hours. 


Raiſe the north pole of the globe nd 
of latitude at a time, and you will fee the diurnal 


* 


afchesincreaſe in length, until the pole is elevated 


to 664 degrees above the horizon; then the paral- 
el of the fun's greateft declination will be as far 


* 
— of — 
” 
N 


9380 
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from the equator as the place ſelf is ſoon 110 . 
pole; and this parallel is the tropic of Cancer, 
which will Joſt much rr W in the north 


PRs 


—_ on "uh W we lady e chat the 13 
üben parallels of declination. continually 
ſhorten, as the northern ones lengthen, until 
they come to the tropic of Capricorn. 


| Redlify che globe to the latitude of London, 
511 degrees north ; when the ſun is in the tropic 
of Cancer, the day is about 164 hours; as he re- 
cedes from thence, the days ſhorten, as the length 
of the diurnal arches of the parallels ſhorten, un- 

F he ſun comes to Capricorn, and then the days 
at the ſhorteſt, being of the ſame length with 


He 2 nights when the m was in i ** TR 


Tt RT F 60 5 30% ( fat 


Rec thi 8 to the altitude of che enen 
polar circle, and you will find, when the ſun is 
in Cancer, he touches the horizon on that day 
without ſetting, being completely twenty-four 
hours above the horizon; and when he is in Ca- 
pricorn, he once appears in the horizon, but 
does not riſe for the ſpace of twenty-four hours; 
_=_ he is upon any other parallel of declination, 

the 


/ 


* 
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the th are longer or ſhorter, as that parallel * 
nearer 550 or Wer from the . 8 | 

Elevate the rk to the latitude of 80 degrees 
north, at which time let the ſun's declination be 
10 degrees north, he then apparently feems fo 
turn round above the horizon without ſetting, and 
never ſets from this point to Cancer, . until in his 
return, after he has again et aun this parallel of , 
declination. | 


In One U manner, when his declination is 
16 degrees ſouth, he is juſt ſeen at noon in the 
horizon, and diſappears from that time in his 
ſoutherly motion, till his return to the ſame point. 


Ele vate the north pole to go degrees, or in the 
zenith, then the globe will be in the poſition of a 
parallel ſphere, and the equinoctial line will coin- 
cide with the plane of the horizon; conſequently 
all the northern parallels are above, and all the 
ſouthern parallels below the horizon; therefore, 
the polar inhabitants, if any there be, have but 
one day and one night throughout the year; their 
day, when the ſun is in his northern, and their 
night, when he is in his ſouthern declination.” 


PROBLEM. 


{ * 


neee auh u 
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To find the angle of poſition of ph, 


The angle of 1 is that formed . 


the meridian of one of the places, and a great 
circle paſſing through ihe other place. 


Reciify the globe to the latitude and zenith of 


3 one of the places, bring that place to the ſtrong | 


braſs meridian, ſet the graduated edge of the 
quadrant to the other place, and the number of 


degrees contained between it and the ſtrong braſs 


meridian, is the meaſure of the angle ſought. 
Thus, 


The angle of poſition between the meridian of 
Cape Clear, in Ireland, and St. Auguſtine, in 


Hlorida, is about 82 degrees north weſterly ; but 


the angle of poſition between St. Auguſtine and 
Cape Clear, is only about 46 degrees north 


cafterly. 


Hence it is plain, that the line of poſition, or 
azimuth, is not the ſame from either place to the 


other, as the romb lines are. 


PROBLEM 
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To find the bearing of one phe from another, 


Thi bad er one frat from another is 7 


determined by a kind of ſpiral, called a romb- 
line, paſſing from one to the other, ſo as to 
make equal angles with all the meridians it paſſeth 
by ; therefore, if both places are ſituated on the 
ſame parallel of latitude, their bearing is either 
eaſt or weſt from each other; if they are upon 
the ſame meridian, they bear north and ſouth 
from one another; if they lie upon a romb-line, 
their bearing is the ſame with it; if they do not, 
obſerve to which romb-line the two places are 
neareſt parallel, and that will ſhew the ng 
lone, | 


1 Thus the bearing of the Lizard 
point from the iſland of Bermudas, is nearly 
E. N. E.; and that of Bermudas from the 
Lizard is W. S. W. both nearly upon the 

ſame romb- line, but in contrary directions. 


* 


* 
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7 che year 4670 1 Ma publiſhed a a tien 
tiſe on what he called“ Tux Exer TsRH Gropr ; 
being (ſays he) a ſtabil and immobil one, per- 
forming what the ordinary globes do, and much 
more; invented and defcribed by the Right Hon: 
the Earl of Caſtlemaine.“ This globe was de- 
ſigned to perform, by being merely expoſed to 

| the ſun's rays, all thoſe problems which in the 
uſual way are ſol ved by the adventitious aid. of 
praben meridians, hour indexes, c. 


— lv GO he” ͤ , . 


1 I tuber 1 that this RT ls be 
mene to ground more deeply in the young 
pupil's mind, thoſe principles which the globes 
are intended to explain; and by giving him a dif- 
ferent view of the ſubject, improve and ſtrengthen 
bis mind; he therefore inſerted on his globes 

5 ſome lines, for the purpoſe of ſolving a few Pro- 
8 blems i in Lord Caltlemaine's manner. 


— — —— — * AP —— — W — 
— Me gb 9 


it bene to me, from a copy . Moxon's 
1 publication, which is in my poſſeſſion, that the 
' Earl of Caſtlemaine projected a new edition of 
his works, as the copy contains a great number . 
of correction many alterations, and ſome ad- | 
ditions 


. 


: 


daes, Iris or very improbable; that at ſome 


- 08. 782/608, 354 


and 3 a ſmall ll globe we Ivor nn of hs 


The FAIT AU on our new 1 "RL | 


being ſecondaries to the equator, are alſo hour 
circles, and are marked as ſuch with Roman 
figures, under the equator, and at the polar cir- 


cles. But there is a difference in the figures 
hour upon the polar circles, it will cut the IX th 


and ſo of all the reſt, 


ſection of Libra, is drawn 2 broad meridian from 
pole to pole ; it paſſes through the XIIth hour 


of the polar circles; this hour circle is graduated 


into degrees and parts, and numbered from the 
equator towards either pole, 


There. is 1 broad enen 4 
through the Pacific ſea, at the IX th hour upon 
the equator, and the IId hour upon each polar 
circle ; this contains only one quadrant, or 90 
degrees; the numbers annexed to it begin at the 

2 yorthery ; 


* 


placed to the ſame hour circle ; if it cuts the IId 


Thrbugh the great Pacific 1 8 and the i inter= 


upon the equator, and the VIth hour upon each 


hour upon the equator, which. is fix aun later, b 


* — 
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nonhermpolarirele, and Ge at the wee of 


Here we muſt likewiſe obſerve, there are 23 
* _ Concentric circles drawn upon the terreſtrial 
globe within the northern and ſouthern polar cir- 
cles, which: for the future we ſhall call polar 
parallels; they are placed at the diſtance of one 
degree from each other, and repreſent the paral- 
| Tels of the ſun's: declination, but in a different 
manner from the 47 1 betyeen de tropic. 


The following 1 require the globe to be 
placed upon a plane that is level, or truly hori- 


zontal, which is eaſily attained, if the floor, pave- 


ment, gravel-walk in the garden, &c. ſhould 
not ot happen to be horizontal. 


A flat ſeaſoned oat or an box which is 
about two feet broad, or two feet ſquare, if the 


WS 
HY 
P 


the upper ſurface of either may be ſet truly hori- 


Pray 6 OR, zontal, by the help of a pocket ſpirit level, or 
9 pluunb rule, if you raife or depreſs this or that 


fide by a wedge or two, as the ſpirit level ſhall 
direct; if you bave a meridian line drawn on the 
place over which you ſubſtitute this horizontal 
plane, it may be readily transferred from thence 


to 


top be perfectly flat, will anſwer the purpoſe; | 


«a % 
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to the urface jul levelled; this being des ve 
are prepared for the ſolution of the n 
N | 


Ir will be neceſſary to define a term we are 
obliged to make uſe of in the ſolution of theſe 
problems, namely, the SHADE OF EXTUBERANCY : 
by this is meant that ſhade which is cauſed 
by the ſphericity of the globe, and anſwers 
to what we haye heretofore named the terminator, 
| defining the boundaries of the illuminated and 
obſcure parts of the globe; this circle was, in the 
ſolution of ſome of the foregoing problems, re- 
preſented by the broad paper circle, but here 
realy * _ . nw the fun. edt 


© prop tr nm t. 


To obſerve the ſun's altitude (by the terreſtrial 
globe) when he ſhines bright, or when he can 
bur juſt be diſcerned through: a cloud. 


EAA north pole of the globe to 66 de- Cx 9 * 
grees; bring that meridian, or hour circle, which 83 


paſſes through the IXth hour upon the equator, 
under the graduated fide of the ſtrong braſs me- 
ridian ; the globe being now ſet upon the hori- | 
z0ntal plane, turn it about thereon, frame and 
. „ 


256 brsexir rio AND us: 


1 that the ſhadow of the Arca braſs meridian 
may fall directly under itſelf; or in other words, 
that the ſhade of it's graduated face may fall ex- 
actly upon the aforeſaid hour circle; at that in- 
ſtant the ſhade of extuberancy will touch the true 
degree of the ſun's altitude upon that meridian, 
which paſſes through the IXth hour upon the 
equator, reckoned from the polar circle, the moſt 
elevated part of which will then be in the zenith 
of the place where this operation is performed, 
and 4s the ſame whether it ſhould happen to be 
either in north or ſouth latitude. 


„6 TD RT EE CI EE OSS = 
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Thus we may, in an eaſy and natural manner, 

| obtain the altitude of the ſun, at any time of the 

day, by the terreſtrial globe; for it is very plain, 

when the ſun riſes, he bruſhes the zenith and 

nadir of the globe by his rays ; and as he always 
illuminates half of it, (or a few minutes more, as 

his globe is conſiderably larger than that of the 

earth) therefore when the ſun is riſen a degree 

N Fo higher, he muſt neceſſarily illuminate a degree 

4 beyond the zenith, and hy on proportionably from 

by FF time to time. | 


But as the illuminated part is ſomewhat more 
than half, deduct 13 minutes from the ſhade of 
2 1 extu- 


* 
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extubtrancy; and you have the ſun altitude with 1 
tolerable 2 | | | * 


If you have any doubt how far the ſhade of ex- 
tuberancy reaches, hold a pin, or your finger, on 
the globe, between the fun and point in diſpute, 
and where the ſhade of either is * will = the 


. 


a Oe” „„ * fat 


7 . 


When the ſun does not thine bright enough to 
call a 3 | 


| © 71 
Ka. Þ 


Turn he meridian of the globe dt the | 
ſun, as before, or direct it ſo that it may lie i in 
the ſame plane with it, which may be done if 
you have but the leaſt glimpſe of the ſun through 

a cloud; hold a firing in both hands, it having 
firſt been put between the ſtrong braſs meridian 
and the globe; ſtretch it at right angles to the 
meridian, and apply your face near to the globe, 

moving your eye lower and lower, till you can 
but juſt ſee the ſun; then bring the ſtring held as 
before to this point upon the globe, that it may, 
juſt obſcure the ſun from your ſight, and the d 
gree on the aforeſaid hour circle, which the ſtring 
then lies upon, will be the ſun's altitude required, 
for his rays would thew the ſame point if he ſhone „ 
mY bright. . * 
5 | Z 3 | | Note, „ 
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- Note, The a 
5 either of theſe methods, and the 2 of 
any ſtar . of thern, 5 


\PRKO'BL BM XXXVI. 


4 


To *. the Wess as lobe i in "ab un: 8 rays, 
that it may repreſent the natural poſition of 
the earth, either by a meridian line, or with. 

If you have a meridian line, ſet the north and 
ſouth points of the broad paper circle directly 
over it, the north pole of the globe being elevated 

to the latitude of the place, and ſtanding upon a 
level plane, bring the place you are in under the 
graduated ſide of the ſtrong braſs meridian, then 
the poles and parallel circles upon the globe will, 
without ſenſible error, correſpond with thoſe in 
the heavens, and each point, kingdom, and ſtate, 


will be turned towards the real one which it 
repreſents. 7: 557 


If you have no meridian line, then the day of 

the month being known, find the ſun's declina- 
tion as before inſtructed, which vill direct you to 
the parallel of the day, amongſt the polar paral- 


lels, 


* 
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5 reckoned from either pole towards the polar 
circle; ge a i nen 


11 


* 
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ſun-ſhine, and put it nearly north and ſouth by | 
the mariner's compaſs, it being firſt elevated to 
the latitude of the place, and the place itſelf 
brought under the graduated fide of the ſtrong. 

braſs meridian; then move the frame and globe 
together, till the. ſhade of extuberancy, or term 
of illumination, juſt touches the, polar parallel 
for the day, and the globe will be ſettled as be- 
fore; and if accurately. performed, the variation 
of the magnetic needle will be ſhewn by the de- 
gree to which it points in the compaſs box. 

And here obſerve, if the parallel for the day 
ſhould; not happen to fall on any one of rhoſe 
drau n upon the globe, you are to eſtimate a pro- 
portionable part between them, and reckon that 
the parallel of the day. If we had drawn more, | 
the globe would have been confuſed. 

2 of this aperation is that as the ſun 
illuminates half the globe, the ſhade of extu- 
berancy will conſtantly be 9o degrees from the 
point wherein the ſun is vertical. 


"XA 
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I the fun be in tlie equator, the ſhade and illu. 

mination muſt terminate in the poles of the world; : 
and when he is in any other diurnal parallel, 
the terms of illumination muſt fall ſhort of, or go 
beyond either pole, as many degrees as the parallel 

' which the ſun deſcribes that day is diſtant from 
the equator ; therefore, when the ſhade of extu- 
berancy touches the polar parallel for the day, 
the artificial globe will be in the ſame poſition, 

with reſpe& to the ſun, as the earth really is, 
and will be illuminated in the ſame manner, 


PROBLEM XXXVII, 


To find naturally the ſun's declination, diurnal 
"PRs and his place omen, | 


The globe being ſet upon an horizontal . 
and adjuſted by a meridian line or otherwiſe, ob- 
ſerve upon which, or between which polar paral- 
lel the term of illumination falls; it's diſtance 
from the pole is the degree of the ſun's declina- 
tion ; reckon this diſtance from, the equator 
among the larger parallels, and you have the 
parallel which the ſun deſcribes that day; upon 
which if you move a card, cut in the form of a 

double ſquare, until it's ſnadow falls under itſelf, 
mn will obtain the very * upon that parallel 
+ ov ex 


r THE 610955. „% e 


oth which the ſun is vertical at any bob of he 


day, if you ſet the place you are in . 
auen 1992 we the OY, Os ee 


Note, The moon's elbe diurnal parallel 
and place, may be found in the ſame manner. 
Likewiſe, when the ſun does not ſhine bright, 
his declination, &c. may be found by: an applica- 
don in hand manner of pres 3 5 | 


n XXXVITI. SE eats 


* 


Io find the ſun's azimuth naturally. 


If a great circle, at right angles to the horizon, 
paſſes through the zenith and nadir, and alfo 
through the ſun's center, it's diſtance from the 
meridian in the morning or evening of any day, 
reckoned upon the degrees on the inner edge of 
the broad paper 8 wu give the e rc» 
quired, 


METHOD 1. 


Elevate either pole to the poſition of a parallel 
ſphere, by. bringing the north pole in north lati- 
tude, and the ſouth pole in ſouth latitude, intothe 
n af the broad "_w circle, having firſt 

a 3 


placed the globe upon your meridian line, or by 
plumb line, ſo that it may paſs freely near the 
outward edge of the broad paper circle, and 
move it fo that the ſhadow of the ſtring may fall 
upon the elevated pole; then caſt your eye im- 
mediately to it's ſhadow on the broad paper cir- 
cle, and the degree it there falls upon is the ſun's 
azimuth at that time, which may be reckoned 
from either the ſouth or north _ of the 
horizon, | 


M. E T H O D — Il, f > 


If you have only a glimpſe, or faint fight of 
the ſun, the globe being adjuſted as before, ſtand 
on the ſhady ſide, and hold the plumb line on 
that ſide alſo, and move it till it cuts the ſun's 
center, and the elevated pole at the ſame time; 
then caſt your eye towards the broad paper cir- 
cle, and the degree it there cuts is the ſun's 
azimuth, which, muſt be reckoned from the op- 
polite cardinal point, 


PROBLEM 


. EE Fs & 
- 
k - * 8 
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PROBL E M XXXIX. 


+# 


To ſhew Saba ein le of the ee 8 . 
face, the ſun will be twice on the ſame 

azimuth in the morning, twice on the ſame 
azimuth in the afternoon ;- or, in en 1 


When he e of he fun ods — 
latitude of any place, on either ſide of the equator, 
the ſun will be on the ſame azimuth twice in the 
morning, ae eee, 808 00 


Thus, ſuppoſe the globe rectified to the Heime 
of Antigua, which is in about 17 deg. of north 
latitude, and the ſun to be in the beginning of 
Cancer, or to have the greateſt north declination ; 
ſet the quadrant of altitude to the 21ſt degree 
north of the eaſt in the horizon, and turn the 
globe upon it's axis, the ſun's center will be on 
that azimuth at 6 h. 30 min. and alſo at 10 bh. 
30 min. in the morning. At 8h. 30 min. the 
ſun will be as it were ſtationary, with reſpect to 
it's azimuth, for ſome time; as will appear by 
placing the quadrant of altitude to the 37th de- 
gree north of the eaſt in the horizon. If the 
quadrant be ſer to the ſame degrees north of the 
weſt, the ſun's center will croſs ĩt twice as it * 
eee the horizon in the nn % 


This 


*. 
# 
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This appearance will happen more or leſs to all 
places ſituated in the torrid zone, whenever the 
ſun's declination exceeds their latitude; and from 
hence we may infer, that the ſhadow of a dial, 
whoſe gnomon is erected perpendicular to an ho- 

rizontal plane, muſt neceſſarily go back n 
3 on ou . day. 


But as this can WY 8 within the cored 
4450 and as Jeruſalem lies about 8 degrees to 
the north of the tropic of Cancer, the retroceſſion 
of the ſnadow on the dial of Ahaz, at Jeruſalem, 
was, in the ſtricteſt ON de b * the word, 
OCR | 


PROBLEM XE. 


To obſerve the ws of the FP in the moſt natural 
manner, when the terreſtrial globe is er 
placed in the ſun-ſhine, 


There are e many ways to 8 this Sen 
with reſpett to the hour, three of which are here 
Inſerted, being general to all the inhabitants of 
the earth; a fourth is added, peculiar to thoſe of 
London, which will anſwer, without ſenſible 


error, at any place not exceeding the diftance of 
60 miles from this capital, 


Iſt, By 


f , . 
e | | ; 
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c uſt 25 a natural tile. / RED 


me reiified he alleles as | dolor Aireded, 
and placed it upon an horizontal plane over your 
meridian line, or by the other method, hold a 
long pin upon the illuminated pole, in the direc- 
tion of the polar axis, and it's ſhadow will ſhew 
the bour of che 15 en EN 1255 . 


The: axis of hi ata velit tai common ſedtion 
of the hour circles, is in the-plane of each; and 
as we ſuppoſe the globe to be properly adjuſted, 
they will correſpond with thoſe in the heavens ; 
therefore, the ſhade of a pin, which is the axis 
continued, muſt fall e the true = circle. . 


andy, By an artificial ſtile. 


Tye a nal 8 uh a als round the : 
elevated pole, ſtretch it's other end beyond the 
globe, and move it ſo that the ſhadow of the 
ſtring may fall upon the depreſſed axis; at that 
inſtant it's ſhadow upon the e will give the 
ſolar 1880 to a minute. | | 


But 1 1 a r the rt; or 
vernal equinoctial colure muſt firſt be placed un- 


or the . ſide of the ſtrong braſs me- 


Tidian, | 
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ridian, before you.obſerve the hous, each coin 
being marked upon the equator with the hour 
7 XII. ' F411 1 i | - 4 F "His oy WP; 


- The Aring ü in OM laſt caſe being wad into 
the plane of the ſun, correſponds with the true 
hour circle; een 1 the true Tus. 


3d, Wirhout er, le: at all. 


Ro iow is rectified as PP Re look 
Bo the ſhade of extuberancy cuts the equator, 
the colure being under the graduated ſide of the 
ſlrong braſs meridian; and you obtain the hour in 
two places upon the equator, one of them going 
beſore, and the other ane the ſun. : 


Note, If this ſhade be dubious, apply a Pin, 
or your * as before directed. 


1 is, chat the ſhade of extuberancy 
being a great circle, cuts the equator in half, and 
the ſun, in whatſvever parallel of declination he 
may happen to be, is always in the pole of 
the ſhade ; conſequently the confines of lane 272 | 
| ſhade will ſhew the true hour of this ge? 


4thly, 
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thly;* Peculiat to the inhabitants af Lindon, 
and any place within een Ove 
Bre from I 


The globe being every way- adjuſted as 0 
and London brought under the graduated ſide of 
the ſtrong braſs meridian, hold up a plumb line, 
ſo that it's ſhadow may fall upon the zenith 
point, (which in this caſe is London itſelf) and 
the ſhadow of the ſtring will cut the parallel of 
the day upon that point to which the ſun is then 
vertical, and that hour circle upon which this in- 
terſection falls, is the hour of the day; and as the 
meridians, are drawn within the tropics, at 20 
minutes diſtance from, each other, the point cut 
by the interſection of the ſtring upon the parallel 
of che day, being ſo near the equator, may, by a 
glance of the obſerver's eye, be referred thereto, 
and the true time obtained to a minute. 


The plumb line thus moved, is the azimuth; 
which, by cutting the parallel of the day, gives 
the ſun's place, and conſequently the hour Mo 
which e it. 


From this laſt ie 9 2 1 
| that gives a ſecond way of rectifying the globe to 
the ſun's 008+ | 


1 
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1 ne and ſhade of the illuminated 
| d ade in the hour when the globe is rectified, 

- then making them thus to agrees muſt En | 
globe. 


8 


1 * 
9 


d 0 * 0 L. . A * 1. | 
| Another method ro bed the globe « to the 
oe Fs” week | 
->Mave the abe, tilt che Aae of the > plc 
line, which paſſes through the zenith, cuts the 
fame hour on the parallel. of the day, that the 
ſhade of the pin, held in the direction of the axis, 
falls upon, -amongſt the Polar ren den _ 
| n is rectified; © ee 


The en is, that ths ſhadow of ebe axis re- 
preſents an hour circle; and by it's agreement in 
the ſame hour, which the ſhadow of the azimuth 
firing points out, by it's interſection on the patal- 
lel of the day, it ſhews the ſun to be in the plane 
of the ſaid parallel; which can never happen in 
the morning on the eaſtern ſide of the globe, nor 


in the evening on the weſtern fide of i it, bue when 
the WOE is W a 
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This retification of the globe is only placing it 
in ſuch a manner, that the principal great circles, 
and fall in with thoſe of 


: - 


the heavens. 


The many advantages ariſing from theſe pro- 
blems, relating to the placing of the globe in the 
ſun's rays, the tutor will eaſily diſcern, and 
readily extend to his own, as well asto the benefit 
of his pupil, KL RED 
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and points, may concur 


- 


* 


3 


* 
* 
vo 


* 


2 pf 4 E "Fs. 
* * . 
- 
2 - : ws TY : 
> 8 8 
» 
„ wo : . a 
%.. 2 : 
a 1 
? N 5 1 FE . 
* - 
* * 


THE GENERAL PRINCIPLES Or 
ILLUSTRATED BY THE 


: ' TERRESTRIAL GLOBE, 


HE art of dialling is of very ancient 

ts origin, and was in former times cultivated 
dy all who had any pretenſions to ſcience; and 
before the invention of clocks and watches, it was 


of the higheſt importance, and is even now uſed 
to correct and regulate them. 


It a us, by means of the ſun's rays, 
to divide time into equal parts, and to repreſent 
on any given ſurface the different circles into 
which, for convenience, we ſuppoſe the heavens 
to be divided, but principally the hour circles. 

. 1 3 


* wy 
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The hours are marked upon a plane, and 
pointed out by the interpoſition of a body, which 
receiving che light of the ſun, caſts a ſhadow 
when it is parallel to the axis of the world. It is 
called the ſtyle, when it is ſo placed that only the 
end of it coincides with the axis of the carth; in 
this caſe, it is only this point which marks the 
hours. Pet eres 11 ; e N 


Among the various pleaſing and profitable 
amuſements which ariſe from the uſe of globes, 
that of dialling is not the leaſt. By it the pupil 
will gain ſatisfactory ideas of the principles on 
which this branch of ſcience is founded; and it 
will reward, with abundance of pleaſure, thoſe 
that chuſe to exerciſe chemſelues 1 in the ous 
of it. | n att 


If we — a as 
London, to be drawn upon the globe of the earth, 
and ſuppoſe this globe to be tranſparent, and to 
revolve round à real axis, which is opake, and 
caſts a ſhadow ; it is evident, that whenever the 
plane of any hour ſemicircle points at the ſun, 
the ſhadow of the axis vill all open the oh 
ſemicircle, * 


Awe open ap 


* Long's Aſtronomy, vol, 1, page 8. 
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Haspeg fig. I, plate X . 
ON abe def g the hour ſemi- 
circles; it is clear, chat if the ſemicircle P a p 
points at the ſun, the ſhadow of the axis will fall 
ug e ſang t * 


e plane-to aſk 3 ab 
center of this tranſparent globe, the ſhadow of 
half the axis will always fall upon one ſide or the 


| other of this ROO * 


mus ler A B C D bethe planeaf the horizon 
of London; ſo long as the ſun is above the hori- 
'Zon, the ſhadow of the upper half of the axis will 
fall ſomewhere upon the upper ſide of the plane 
ABCD; when:the ſun is below the horizon of 
London, then the ſhadow of the lower half of the 
axis E falls upon the lower fide of the plane. 5 


95 When the plane of any hour ſemicircle points 
at the. ſun,” the ſhadow, of the axis marks the 
reſpective hour line upon the interſecting plane. 
The hour line is therefore a line drawn from the 
center of the interſecting plane, to that point 
vhere this plane is cut by the n, re 
. do hour aaa V 2198 Af} Ian 


* 
* 
of * * % * 
* 
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Thus 1 ABCD. fig. 1, plate x11. the 
| horizon of London, be the interſecking plane; 
when the meridian of London points at the ſun, - 
as in the preſent figure, the ſhadow of the half 
axis P E falls upon the line E B, which isdrawn © + 
from E, the center of the horizon, to the point | 
| where the horizon is cut by the oppoſite ſemi- 
circle; therefore, va ade nag prin of 
ane e G7 OY | | 
tf 7 f in! a 14 8 1 : : 


e Weben thi reſt of the "EN lines 
are found, ee, obo e een Ss , 
the center of the interſecting plane, to that ſe 
cnn oh l PRE to the hour nN 


$258. 
Thus fig. 2, plate XII. ſhines the War links 
drawn upon the plane of the horizon of London, 
with only ſo many hours as are neceſſary; that 
is, thoſe hours, during which the ſun is above 
the horizon of Landon, on the longeſt ty in | 
ſummer,  _ . 


4 / 


If when the hour lines are thus found, the ſemi-— © | 
circles be taken away, as the ſcaffolding is when f 
the houſe is built, what remains, as in hg 3 
will be an HORIZONTAL DIAL TO. : 


9 *- 


/ 0 f ; \ . 
a 75ͤ „ 


| 
| 
| 
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0 a If, inſtead. of twelve hour eireles „ atv 
deſcribed, we tale twice that number, eee . ; 


* 


by them, find the lines for every half hour ; if we 


take four times the number of hour circles, we 
may find the lines for every quarter. os an Neve. 


ind ſoon progreſſively, it < ETON: e 


we bat hiitierto Lay * 1 5 


London as the interſecting plane, by which is 


ſeen the method of making an horizontal dial. 


If we take any other plane for the interſecting 
plane, and find the points where the hour ſemi. 


circles paſs through it, and draw lines from the 
center of the plane to thoſe points, we ſhall have 
the hour lines for _ op 


"Fig. - J; pute X x11 a fivw the his lines 
are found upon a ſouth plane, perpendicular to 


the horizon. Fig: 4 ſhews a ſoutti dial; with it's 


hour lines, without the ſemicircle, by means 
rags they are found, = 


The GNQMON of every ſun-dial repreſents the 
axis of the earth, and is therefore always placed 
parallel to it, whether. it be a wire, as in the 
figure before us, or the edge of a braſs plate, as 
in a common horizanzal dial, 


Th 
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W as to it's bulk, is but a 
2o1nT, if compared to it's diſtance from the ſun; _ 
therefore, if a ſmall ſphere of glaſs be placed on 
any part of the carth's ſurface, ſo that it's axis be 
parallel to the axis of the earth, and the ſphere 
have ſuch lines upon it, and ſuch planes within it, 
as above deſcribed, it will ſhew the hour of the 
day as truly as if it were placed at the center of 
the earth, and that the ſhell of the earth were as 
tranſparent as glaſs. 


A wire ſphere, with a thin fiat plate of braſs 


nnn 
nnn „ 


From what has been ſaid, it is 3 
dialling depends on finding where the ſhadow of 
a ſtrait, wire, parallel to the axis of the earth, 
will fall upon a given plane, every hour, half hour, 
&c. the hour lines being found as above 
deſcribed, which we fhall proceed to exemplify 
by the \ wap | 


Every dial plane (that i is, the "EY ſurface on 
which a dial is drawn) repreſents the plane of a 


great circle, which circle is an HORIZON to ſome 
country or other. 


Aa 4 The 


— 
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The center of the dial repreſents the center of 
the earth; and the gnomon which caſts the ſhade 


repreſents the axis, and ought to Ku N. to 
| the poles of We en N 


* I The planes upon which dials are delineated 
may be either, 1. parallel to the horizon; 
2. perpendicular to the Nr wal 3: Fa 


ee e Ie 
e XLII. „ 


To conſtruct an horizontal dial for any given 
_ latitude, by means of the terreſtrial globe. 


a "Elevate the globe to the latitude of the place "of 
then bring the firſt meridian under the graduated 
edge of the ſtrong brazen one, which will then 
be over the hour XII, or the equator. As our 
| globes have meridians drawn through every 15 
degrees of the equator, theſe meridians will repre- 
ſent the true circles of the ſphere, and will 
interſect the horizon of the globe, in certain 
points on each ſide of the meridjan. The diſtance 
of theſe points from the meridian, muſt be care- 
fully noted Gown upon a piece of paper, as will 
be ſeen in the example, The pupil need not, 
however, take out 2 his table the diſtances 


„ N | 


erberuhes XII to , VI, which is juſt go de- 


grees ; for the diſtances of XI, X, IX, VIII. 
VII, VI, in the forenoon, are the fame from XII 
as the diftances of I, II, III, IV, V, VI, in the 
afternoon; and theſe hour lines continued through 
the center will give the oppoſite hour lines on 


E dial. 


i more vw lines need be drawn than wks 
anſwer to the ſun's continuance above the hori- 


7on, on the longeſt day of ws hs in the 1 | 


latitude. 


Pi es BEI qu non 
London, whoſe latitude is 51 deg. 30 min. 


+ 
% \ 
2 - - 
8 
” 
* 


* 7 N i "x 


Elevate the north pole of the globe to 514 
degrees above the horizon; then will the axis of 


the globe have the ſame elevation above the 


broad paper circle, as the gnomon of the dia is 
to have above the lane thereof, | 


Turn the globe, till the firſt meridian G 


on Engliſh globes paſſes through London) is 
under the graduated fide of the ſtrong brazen - 
meridian ; then obſerve and note the points where 


the hour circles interſe& the horizon ; and as on 
our 


* 
% . 
— — ome ee ne —— 
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our globes the inner graduated. circle, on the 
| broad paper circle, begins from the two ſixes, or 
caſt and veſt, ve ſhall begin from thence, calling 
the'hour  - — 0 0 
we ſhall find the. other 8 imerſeRing the 
horizon at the FOO degrees: V -189 54 


AV. ho 24 
III 57 
MM. & 41 
I 78 9 


which: are the ding Sins of the-above 
hours from VI upon the plane of the horizon. 


Io transfer theſe, and the reſt of the hours, 
upon an horizontal plane, draw the parallel right 
lines ac and bd, fig. 3, plate XII. upon that 
plane, as far. from each other as is equal to the 
intended thickneſs of the gnomon of the dial, and 
the ſpace included between them will be the 
meridian, or twelve o'clock line upon the dial; 
croſs this meridian - at right angles by the line 
gh, which will be the ſix o'clock line; then ſet- 
liag one foot of your compaſſes in the interſection 

6 deſcribe the quadrant g e with any convenient 
radius, or opening of the compaſſes; after this, 
ſet one foot of the compaſſes in the interſection 
b, as a center, and with the ſame radius deſcribe 
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the quadrant fh; then divide each quadrant into 
e en aanemen i | 


| ' Becauſe the hour Ps are leſs diſtant from 

each other about noon, than in any other part of 
the dial, it is beſt to have the centers of the 
quadrants at ſome diſtance from the center of the 
dial plane, in order to enlarge the hour diſtances. 
near XII; thus the center of the plane is at A, 
but the center of the quadrants is at a and b. 


| Lay a rule over 78 97, and the center b, and 
draw there the hour line of I. Through b, and 
65 41, gives the hour line of II. Through b, 
and 51 57, that of III. Through the ſame cen- 
ter, and 36 24, we obtain the hour line of IV. 
And through it, and 18 54, that of V. And 
becauſe the ſun riſes about four in the morning, 
continue the hour lines of IV and V in the aſter- 


noon, through the center b to the oppoſite fide of 
the dial. 


Now lay a rule ſucceſſively to the center a of 
the quadrant e g, and the like elevations or de- 
grees of that quadrant, 78,9, 65,41, 51,57. 
36,24, 18,54, which will give the forenoon | 
hours of XI, X, IX, VIII, and VII; and be- 
cauſe the ſun does not ſet before VIII in the 

evening 
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evening on the longeſt days, continue the W 
lines of VII and VIII in the afternoon, and all 
_ hour lines will ye fidliked'© on n this dial. | 


Lay, through 51 4 degrees on elther qua- 
drant, and from it's center, draw the right! line 
1 g for the axis of the gnomon a g i, and from g 

let fall the perpendicular g i upon the meridian 
lme a i, and there will be a triangle made, whoſe 
ſides are a g, gi, and i a; if a plate ſimilar to 
this triangle be made as thick as the diſtance be- 
tween the lines a c and b d, and be ſet upright 

between them, rouching at a and b, the line a g 
will, when it is truly ſet, be parallel to the axis 
of the world, and will caſt a dow on the e hour 
« the” wy. 3 
rhe abi of dividing the two quadrants 
may be ſaved, by uſing a line of chords, which 


is always placed upon every ſcale belonging to 3 
caſe of inſtruments, | 


%% ** PROBLEM | 


- e | 3981 
PROBLEM! XLIT; 


To oon pe Polk Hint "Hy any given 
10 - Intizuce, * the "Your: | 


Let us ame fouth dia for the lairude : of 


Y Rhee the pole to the co-latitude of your 
place, and proceed in all reſpects as above taught 
for the horizontal dial, from VI in the morning 
to VI in the aſternoon, only the hours muſt be 
reverſed, as in fig. 3, plate XII. j and the hy- 
pothenuſe a g of the gnomon a gf, muſt make an 
angle with the dial plane to the co- latitude of the 
place. 25 i 


As the ſum can ſhine no longer than from VI in 
the morning to VI in the evening, there is no 
occalion for having more than twelve hours wo 
this dial. n 


In ſolving this problem, we have conſidered 
our vertical ſouth dial for the latitude of London, 
as an horizontal one ſor the complement of that 
latitude, or 38 deg. 30 min.; all direct vertical 
dials may be thus reduced to Fe een ones, in 
the ſame manner. The reaſon of this will be 

| evident, 
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evident, if the globe he elevated to the latitude of 
London; for by fixing the quadrant of altitude 
to the zenith, and bringing it to interſect the 
horizon in the eaſt point, it will - Point out t the 
1 8 of the n 92 


This plane i is at right POS. to the meridian, 
and perpendicular to the horizon ; and it is clear, 
from the bare inſpettion of the globe thus ele- 
vated, that it's axis forms an angle with this 
plane, which is juſt the complement of that 
which it forms with the horizon, and is therefore 
| juſt equal to the co-latitude of the place, and 

that therefore it-is moſt ſimple to rectify the _ 
to that co-latitude. | 


Rf 
8 


The north vertical dial is the ſame with the 
ſouth, only the ſtyle muſt point upwards, and 
that many of the hours from ee can be 
of no uſe. RIS 


PROBLEM 
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PROBLEM OE: 


"To make an ccd di aden from the ce. 5 
, towards ann 


ere e Ss to the latirude of the has 
and nm nn of alttnde eo the zenith. / 


bes if your dial As 3 caſt, 
(which we ſhall ſuppoſe in the- preſent inſtance) 
count in the horizon the degrees of. declination, 
from the eaſt point towards the north, and bring 
the lower end of the quadrant to coincide with 
that degree of declination at which the 8 r 
ends. 


Then bring the firſt meridian under the gradu- 
ated edge of the ſtrong brazen meridian, which 
8 will be the horary index. 


No turn the globe weſtward, and obſerve the 
degrees cut in the quadrant of altitude by the firſt 
meridian, while the hours XI, X, IX, &c. in 
the forenoon, pals ſucceſſively under the brazen 
one; and the degrees thus cut on the quadrant by 
the firſt meridian, are the reſpective diſtances of 
the forenoon hours, from XII, on 25 plane of 
the quadrant, 


"or" 
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For the afternoon hours, turn the quadrant of 
altitude round the zenith, until it comes to the 
degree in the horizon, oppoſite, to that where it 


vas placed beſore, namely, as far from the weſt 
towards the ſouth, and turn the globe caſtward ; 

and as the hours I, II, III, &c. paſs under the 
ſtrong brazen meridian, the firſt meridian will cut 


on the quadrant of altitude the number of degrees 
from the zenith, that each of ihe. hours is rom 
( on the dial. 


When the firſt 3 goes off the quad rant 


: at the horizon, in the forenoon, the hour index 


will ſhey the time when the ſun comes upon this 
dial ; and when it goes off the quadrant in the 
afternoon, it points to the time when the ſun 


leaves the dial. 


N Having thus ſound all the hour diſtances from 


XII, lay them down upon your dial plane, either 
by dividing a ſemicircle into two quadrants, or 
by the Une of chords. | 0 

In all | defining dia = line on which the 
 gnomon ſtands makes an angle with the twelve 


. oclock line, and falls among the forenoon hour 


: lines, if the dial declines towards the caſt; and | 


+ 
1 


among the afternoon hour lines, w hen the dial 


ry 
1 „ 


declines 


\ 
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) 
 declines/ towards che weſt ; that is; to the left 


hand from the twelve o'clock line in the former 


caſe, WEN to the + ings from 1 it i in n the latter. 


To find the diſtance of this line from that of 
| NY. Twelve. | 


"This wal b. Lacs: 1. If the dial decknes 
from the ſouth towards the eaſt, then count the 
degrees of that declination in the horizon, from 
the eaſt point towards the north, and bring the 
lower end of the quadrant to that degree of decli- 
nation where the reckoning ends; then turn the 
globe, until the firſt meridian cuts the horizon 
in the like number of degrees, counted from the 
ſouth point towards the eaſt, and the quadrant 
and firſt meridian will croſs one another at right 
angles, and the number of degrees of the quadrant, 
which are intercepted between the firſt meridian 
and the zenith, is equal to the diſtance of this line 


from the twelve o'clock line. 


The numbers of the firſt meridian, which are 
intercepted between the quadrant and the north 


pole, is equal to the elevation of the ſtyle above 
the plane of the * 


Z 
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The: ſecond. caſe is, when the dl dane 


weſtward from the ſouth. 


Count the declination 1 eaſt point of 
the horizon, towards the. ſouth, and bring the 
quadrant of altitude to the degree in the horizon, 
at which the reckoning ends, both for finding the 

forgnoon hours, and the diſtance of the ſubſtile, 
or gnomon line, from the meridian ; and for the 
afternoon hours, bring the quadrant to the oppoſite 
degrees in the horizon, namely, as far from the 
welt towards the north, and Hes Oe in all 
reſpects as before. 


It is ina the foregoing inſtances 
will be ſufficient to illuſtrate the general principles 
of dialling, and to give the pupil a general idea of 
that pleaſing ſcience; for accurate and expeditious 
methods of conſtructing dials, we muſt refer him 
to treatiſes written expreſsly on that ſubyect. 


NAVIGATION 
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NAVIGATION 


BXPLAINED BY THE , 


TAVIGATION is the att of guiding a 
ſhip at ſea, from one place to another, 
in the ſafeſt and moſt convenient manner. In 
order to attain this, four things are particularly 


<P 1. 


15 To know the PORE, and diſtance of 
Places. 


2. To know at all times the points of the | 


Bb 2 3. To 


5 


388 pESCrIPTION AND USE 


3. To know the line in which the ſhip is to 
be directed from one 9 0 to the other. | 


4. To know, i in any part of as voyage, what 


; bol of the globe the bp, is upon. | 


The Conde of the diſtance and ſituation of 
places, between which a voyage is to be made, 
implies not only a general knowledge of geogra- 
phy, but of ſeveral other particulars, as the rocks, 
ſands, ſtraights, rivers, &c. near which we are to 
fail ; the bending out, or running in of the ſhores, 
the knowledge of the times that particular winds 
ſet in, the ſeaſons when ſtorms and hurricanes 
are to be expected, but eſpecially the tides ; 
theſe, and many other fimilar circumſtances, 
are to be learned from ſea charts, Jour, e. 
en e by obſervation . „„ | 


The ſecond particular to be attained, is the 

knowledge at all times of the points of the com- 
paſs, where the ſhip is. The ancients, to whom 
the polarity of the loadſtone was unknown, found 
in the day- time the caſt or weſt, by the riſing or 
ſetting of the ſun ; and at night, the north by the 
polar ſtar. We have the advantage of the 
mariner's compaſs, by which, at any time in the 


wide ocean, and the darkeſt night, we know 
| where 
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| 1 the . is, and RAPTOR the reſt of 
the points „„ oo on 


Indeed, before the invention of the mariner's 
compaſs, the voyages of the Europeans were 
principally confined to coaſting ; but this for- 
tunate diſcovery. has enabled the mariner to ex- 
plore new ſeas, and diſcover u new countries, which, 
without this valuable acquiſition, would probably 
have remained for ever unknown, Way 


| The third ing 3 to be 333 is * 
line which a ſhip deſcribes upon the globe of the 
earth, in going from one place to another. 


The ſhorteſt way from one place to another, 
is an arc of a great circle, drawn an the two 
places. Ts 


The moſt convenient way for a ſhip, is that by 
which we may fail from one place to another, 
directing the ſhip all the while towards the ſame 
point of the compaſs. | 


A ſhip is guided by ſteering or directing her 
towards ſome points of the compaſs; the line 
wherein a ſhip is directed, is called the ſhip's - 
1 cout ſe, 
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courſe, which is named from the ee _—_ 
which ſhe fails. 


Wil ir d tip fills rowends Wb allen 
point, her courſe is ſaid to be N. E. 


In long voyages, a ſhip's way may conſiſt of a 
great number of different courſes, as from A to 
B, from B to C, and from C to D, fig. 9; plate 
XII.; when we ſpeak of a ſhip's courſe, we con- 
ſider one of theſe at a time; the ſeldomer the 
courſe is changed, the more wy” the Rp is is 
directed, 


Ir Two PLAces, A AND Z, FIG. 7, PLATE XII. 
IIE UNDER THE SAME MERIDIAN, the courſe from 
the one to the other is due north or ſouth. Thus 
let A Z be part of a meridian; if A be ſouth of 
2 the courſe from A to Z muſt be north, and 
the courſe from Z to A ſouth. This is evident 
from the nature of a meridian, that it marks 
upon the horizon the north and ſouth points, and 
that every point of any meridian is north or ſouth 
from every other point of it.. From hence. we 
may deduce the following corollary : that if a ſhip 
ſails due north or ſouth, ſhe will continue on the 
ſame meridian, 


Ir 


— — 
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Ir Two PLACES LIE UNDER THE EQUATOR, the 
courſe from one to the other is an arc of the 
equator, and is due eaſt or weſt. Thus let a z, 
fig. 7, bEa part of the equator ;- ifa be weſt from 
2, the courſe from a to 2 is caſt, and the courſe 
from z toa is weſt: for fince the equator marks 
the eaſt and weſt points upon the horizon, every 
point of the equator lies caſt or weſt of every other | 
point of it, as may be ſeen upon the globe, by 
placing it as for a right ſphere, and bringing a or 
2, or any of the intermediate points, to the 
zenith; when it will be evident, that if we are 
to go from one of theſe points a, to the other z, 
or to any point on the equator, we muſt continue 
our courſe due caſt to arrive at a, or vice verſa. 
From hence we may deduce this conſequence, 
that if a ſhip under the equator fails due eaſt or 
weſt, ſhe will continue under the equator. 

In the two foregoing caſes, the courſe being an 
arc of a great circle, (the meridian or equator) is 
the ſhorteſt and the moſt convenient way' it can 
ſail. | 


Ir TwO PLACES LIE UNDER THE SAME PARAL- 
LEL, the courſe from one to the other is due eaſt 
or weſt; this may be ſeen upon the globe, by the 
following method: bring any point of a parallel 

99 B b 4 . = WM 
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to the zenith, and ſtretch a chard over ĩt, per- 
pendicular to the meridian; the thread will then 
be a tangent to the parallel, and ſtand eaſt and 
weſt from the point of contact. Hence, if a 
ſhip ſails in any parallel, due caſt or weſt, ſhe 
vill continue in the ſame parallel. In this caſe, 
the moſt convenient courſe, though not the 
ſhorteſt from one to the other, is to ſail due caſt 
or weſt, 


Ir wa PLACES LIE, NEITHER, UNDER THE 
EQUATOR, NOR ON THE SAME MERIDIAN, . NOR 
IN. THE SAME PARALLEL, the moſt convenient, 
though not the ſhorteſt, courſe from one to the 
' other, is in a ane, . 5 


For if we 9 in this caſe autempt t to 90 the 
ſhorteſt way, in a great circle drawn through the 
two places, we muſt be perpetually changing our 
courſe. Thus fig 8, whatever is the bearing 
of Z from A, the bearings of all the intermediate 
points, as B, C, D, E, &c. will be different 
from it, as well as different from each other, as 
may be eaſily ſeen upon the globe, by bringing 
the firſt point A to the zenith, and obſerving 
the bearing of Z from each of them. Thus ſup- 
poſe when the globe is rectified to the horizon of 
A, the bearing of Z from A be north-eaſt, and 

| | e 
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the angle of poſition of Z, with regard to A, be 
45 degrees; if we bring B to the zenith; we ſhall 
have a different horizon; and the bearing and 
angle of poſition from Z to B will be different 
from the former; and ſo on of the other points 
C D E, they will each of them have a different 
horizon, and Z will have a different bearing and 
angle of poſition. 


From hence we may draw this corollary, that 
when two places lie one from the other, towards 
a point not cardinal, if we ſail from one place to- 
wards the point of the other's bearing, we ſhall 
never arrive at the other place. Thus if Z lies 
north-eaſt from A, if we fail from A towards the 
north-eaſt, we ſhall never arrive at Z. 


A RHUMB UPON the globe is a line drawn 
from a given place A, ſo as to cut all the me- 
ridians it paſſes through at equal angles; the 
rhumbs are denominated from the points of the 
compaſs, in a different manner from the winds. 
Thus, at ſea, the north-caſt wind is that which 
blows from the north-eaſt point of the horizon, 
towards the ſhip in which we are; but we are 
ſaid to fail upon the N. E. rhymb, when we $9 
page the north-calk, 


The 
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The rhumb ABCDZ, fig. 8, plate XII. 
Nn through the meridians L M, N O, P L. 
makes the angles L A B, NBC, PCD, equal; 
from whence it follows, that the direction of a 
rhumb is in every part of it towards the ſame 
point of the compaſs; thus from every point of a 
north-caſt rhumb upon the globe, the direction is 
towards the north-caſt, and that rhumb makes 
an angle of 45 deg. with every metz it is 
drawn through. 


Killer property of the rhumbs is, that equal 
parts of the ſame rhumb are contained between 
| parallels of equal diſtance of latitude ; ſo that a 
ſhip continuing in the ſame rhumb, will run the 
ſame number of miles in ſailing from the parallel 
of lo to the parallel of 30, as ſhe does in falling 
from the parallel of 30 to that of 50. 


The fourth thing mentioned to be required in 
navigation, was, to know at any time what point 
of the globe a ſhip is upon. This depends upon 
four things; 1. the longitude; 2. the latitude ; 
3- the courſe the ſhip has run; 4. the diſtance, 
that is, the way ſhe has made, or the number of 
leagues or miles ſhe has run in that courſe, from 


the place of the laſt obſervation. Now any two 
| a 
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'$ 


of theſe being known, the reſt nm be 5 55 
e 


Rigg ths given b Fob 3 idea of 48 
gation, we now proceed to the problems by which 
the caſes of ſailing are ſolved on the robs, 


1 8 SM XLIV. 


Glad the difference of 3 ad 1 


of longitude, to find the courſe agg diſtance 
ſailed. *. ; 


Example. Admit a ſhip ſails from a port A, 
in latitude 38 deg. to another port B, in latitude 
5 deg. and finds her difference of e | 


+3 d. 


13 8 port A be brought to the mcediant 


and elevate the globe to the given latitude of that - 


port 38 deg. and fixing the quadrant of altitude 

preciſely over it on the meridian, move the qua- 
drant to lie over the ſecond port B, (found by 
the given difference of latitude and longitude) 
then will it cut in the horizon 50 deg. 45 min. 
for the " 885 of the $1u1P's CouRsE to be ſteered 


from 


See Martin on the Globes, 


* 
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from the port A. Alſo, count the degrees in the 
quadrant between the two ports, which you will 
find 51 deg. ; this number multiplied by 60, (the 
nautical miles in a e will give 3060 for the 


diſtance run. | 
PROBLEM XLV. 


Given the difference of latitude and courſe, to 
find the difference of longitude and diſtance 
N En, : | 


Example. Admit a ſhip fails from a port A, 
in 25 deg. north latitude, to another port B, in 
3odeg. ſouth latitude, upon a courſe of 43 deg. 


Bring the port A to the meridian, and rectify 
the globe to the latitude thereof 25 deg. where 
fix the quadrant of altitude, and place it ſo as to 


_ - make anangle with the meridian of 43 deg. in 


the horizon, and obſerve where the edge of the 
quadrant interſects the parallel of 30 deg. ſouth 
latitude, for that is' the place of -the port B. 
Then count the number of degrees on the edge of 
the quadrant interſected between the two ports, 
and there will be found 73 deg. which multiplied 
by 60, gives 4380 miles for the diſtance failed. 
As the two ports are now known, let each be 

brought 


1 
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brought. to ihe meridian, and obſerve their 
difference of longitude in the equator a b | 
which will be found $9 deg. | 


N. B. Lad this problem been folved by 
LOXODROMICS, or failing on a rhumb, the differ- 
ence of longitude would then have been 52 deg. 
go min. between che two ports. 


PROBL EM XI VI. 


Given the difference of latitude and diſtance run, 
to find the difference of me and my + 
of the courſe. 


| | 8 44 a ſhip fails from a port A, 
in latitude 50 deg. to another port B, in latitude 
17 deg: 30 min. and her diſtance run be 2220 


miles. Rectify the globe to the latitude of the 


place A, then the diſtance run, reduced to de- 
grees, will make 37 deg. which are to be 
reckoned from the end of the quadrant lying over 

the port A, under the meridian ; then is the qua- 
drant to be moved, till the 37 deg... coincides 
with the parallel of 17 deg. 30 min. north lati- 
tude, then will the angle of the courſe appear in 
the arch of the horizon, intercepted berween the 
quadrant and the meridian, which will be 32 deg. 


40 


* 


- 


* 
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40 min; and by making a mark on the globe 
for the port B, and bringing the ſame to the 
meridian, you will oblerye what number of 
degrees paſs under the meridian, which will be 
20, the e r of ee W 


PROBLEM xvtr. 


Given the difference of longitude and coutſe, to 
find the difference of latitude and Mee 
Ne be 


_ 


Pumpe 550 a W fails fi from A in ite 
laticude 51 deg. ona courſe making an angle with 
the meridian of 40 deg. till the difference of 
longitude be found juſt 20 deg.; then rectifying 
the globe to the latitude of the port A, place the 
quadrant of altitude ſo as to make an angle of 40 
deg. with the meridian; then obſerve in what 
point it interſects the meridian paſſing through 
the given longitude of the port B, and there make 
a mark to repreſent the ſaid port; then the num- 
der of degrees intercepted between that and the 
port A will be 28, which will give 1680 miles 
for the diſtance run. And the ſaid mark for the 
port B, being brought to the meridian, will have 
it's latitude there ſhewn to be 27 deg. 40 min. 
PROBLEM 
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Given is: cnet arch ae ile, to Gel * 
differenoe of 1 and Gifference ad 
latitude. 


$ 


Example. Sarge a ſhip fails 1800 ds | 
from a port A, 51 deg. 15 min. ſouth-weſt, on 
an angle of 45 deg. to another port B. 


Having rectified the globe to the port A, fix 
the quadrant of altitude over itin the zenith, and 
place it to the ſouth-weſt point in the horizon; 
then upon the edge of the quadrant under 30 deg. 
(equal to 1800 miles from the port A) is the 
port B; which brithg*to the meridian, and you 
will there ſee the latitude ; and at the ſame time, 
it's longitude in the equator, in the point cut 7 
the n, | | 


1. all theſe _ the ſhip is ſuppoſed to be 
kept upon the ARCH OF A GREAT CIRCLE, which 
is not difficult to be done, very nearly, by means ; 


of the globe, by frequently obſerving the latitude, -_ 


meaſuring the diſtance failed, and (when you 
can) finding the difference of longitude ; for 
one of theſe being given, the place and courſe of 

| hi 
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the ſhip. is known at the ſame time; and . 
fore the preceding courſe may be altered, and 
rectified without any trouble, through the whole 
voyage, as often as ſuch obſervations-can be ob- 
- tained, or it is found neceſſary. Now if any of 
theſe pa rA are but of the quantity of four or five 
degrees, it will ſuffice for: correcting: the ſhip's 
courſe by the ꝑlobe, and carrying her directly to 
the intended port, OG: to the following 
problem. 


To ſteer a ſnip upon the arch of a great circle by 
the given difference of latitude, or difference 
of longitude, or diſtance failed in a given time. 
Admit a ſhip ſails from a port A, to a very 

diſtant port Z, whoſe latitude and longitude are 

given, as well as it's geographical WES from 

A; then 


Firſt, having rectified the globe to the port A, 
lay the quadrant of altitude over the port Z, and 
draw thereby the arch of a great circle through A 
and Z; this will deſign the intended path or Track 
of the ſhip. 


Secondly, 
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Secondly, having kept the ſhip upon the firſt 
given courſe for ſome time, ſuppoſe by an obſer- 
vation you find the latitude of the PRESENT PLACE 
of the ſhip, this added to, or ſubducted from the 
latitude of the port A, will give the preſent lati- 
tude in the meridian; to which bring the path of 
the ſhip, and the part therein, which lies under 


the new latitude, is the true place B of the ſhip _ 


in the great arch. To the latitude of B rectify 
the globe, and lay the quadrant over Z, and it 


will ſhew in the horizon, the NEW denz to be 
ſteered, . 


Thirdly, ſuppoſe the ſhip to be ſteered upon 
this courſe, till her diſtance run be found 300 
miles, or 5 deg. ; then, the globe being rectified 
to the place B in the zenith, laying the quadrant 
from thence over the great arch, make a mark at 
the 5th degree from B, and that will be the pre- 
ſent place of the ſhip, which call C; which being 
brought to the meridian, it's latitude and longi- 
tude will be known. Then rectify the globe to 
the place C, and laying the quadrant from thence 


to Z, the new courſe to be Recred will appear in 
the horizon. 


Fourthly, having ſteered ſome time upon this 
new courſe, ſuppoſe, by ſame means or other, 
. yo 
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you come to know the difference of 1 of 
the preſent place of the ſhip, and of any of the 
preceding places, C, B, A; as B, for inſtance; 
then bring B to the meridian, and turn the globe 
about, till ſo many degrees of the equator paſs 
under the meridian, as are equal to the dil- 
covered difference of longitude, then the point 


of the great arch cut by the meridian, is the Pre- 


ſent place D of the ſhip, to which the new courſe 
is to be found as before. 


And chus, by repeating theſe obſervations at 
proper intervals, you will find future places, E, 
F, G, &c. in the great arch; and by rectifying 
the courſe at each, your ſhip will be conducted 
on the great circle, or the neareſt way from the 
port A 10 Z, by the us or THz GLOBE only. 
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Or THE GENERAL DisTRIBUTION Of LAND AND 


WATER IN THE TERRAqQutous GLoBt, WITH 
SOME OTHER GEOGRAPHICAL OBSERVATIONS, 


Though the nature of our plan does not per- 
mit us to enter into many geographical diſqui- 
ſitions, yet we preſume the following general 
view will not be deemed irrelative to the ſubject; 
as while it tends to bring the pupil acquainted 
with the grand outline of the globe, it will be a 
_ pleaſing relief from the more abſtruſe part in 
which he has been exerciſed. _ 17 5 


If the pupil conſiders the terreſtrial globe as a 
map, he will find that land and water are gene- 
rally contraſted to one another on the oppoſite fide 
of the world ; that is, if there be land on one fide, 
it is anſwered by water in the antipodes. Thus 
for inſtance, the circumpolar parts of the north- 
ern hemiſphere conſiſt chiefly of land; but the 
circumpolar parts of the ſouth conſiſt almoſt en- 
tirely of water. It was formerly thought, that 
as there is ſo much land about the north pole, 
land would alſo have been found about the 
ſouth pole, to have ballanced i:. But the diſ- 
coveries of our circumnavigators have ſhewn, 
chat no ſuch land is to be met with; nor ought it 

Ea; | ve 


Jones 's Phyſiological Diſquiſitions, _ 
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to have been expected, fot land on one fide i 13 
ballanced by water on the "pps. 


| 7 1 you bre the 3 of Good Hope under the 
| ſtrong brazen meridian, this meridian will paſs 
through the heart of the continents of Europe 
and Africa; but the oppoſite ſemicircle paſſes 
© through the middle of the great ſouth ſea, When 
the middle of the northern continent of America, 
about the meridian of Mexico, is examined in 
_ the ſame way, the oppoſite part paſſes through 
the middle of the Indian ocean. The ſouthern 
continent of New Holland is oppoſite to the 
Atlantic ocean. This alternation of land and 
water is too regular to have been caſual ; but of 
the reaſon for it, or the benefits 8 from i * 

we are altogether i ignorant. Nel | 
There is another phenomenon which is more 
level to our capacity, the manifeſt ſuperiority of 
the northera hemiſphere of the world over the 
ſouthern, It has more land, more fun, more 
light, more heat, more arts, more ſenſe, more 
learning, more truth, more religion, The land 
of the ſouthern hemiſphere, that is, the land 
which lies on the other ſide of the equinoctial 
line, docs not amount to one-fourth part of what 

is found on the northern fide, 
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| The ſun, from 0 eccentricity of the earth 
ita the ſituation of the aphelion, makes 
our ſummer eight days longer than the ſummer 
of the other hemiſphere, which in the ſpace of 
4000 years amounts to more than 87 years. 

The temperature of the earth and atmoſphere 
in the higher northern latitudes, is much more 
mild and moderate than in the correſpondent 
ſouthern latitudes. The dreary face of Staten 
land, with the weather-beaten Cape of South 
America, a climate ſo ſevere, as ſcarcely to ad- 
mit of any human inhabitant, is not nearer to the 
pole than the northern counties of England, while 
the difference in the atmoſphere and the 1 of 
che earth 1 is almoſt incredible, 


| The nights of the northern hemiſphere diſplay 

a richer canopy than thoſe of the ſouthern. The 
ſtars of ſuperior magnitude are more numerous 
on this ſide the equinoctial than on the other. 
When the ſun is remote from us in winter, our 
longeſt nights are illuminated by the principal 
ſtars of the firmament. When the ſun enters 
Capricorn, the whole conſtellation of Orion, the 
brighteſt in the heavens, comes to the meridian 
about midnight, with ſeveral other ſtars of the 
firſt magnitude. If the midwinter of the ſouth- 
26-3 ern 
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ern hemiſphere be compared, the inferforit of 


the nocturnal illumination is wonderful, and will 


be evident to any one ho examines the en 
on a celeſtial globe. | 


The intellectual advantages of the 3 
hemiſphere are equally conſpicuous with the 

natural advantages. In the one, the arts and 
| ſciences have always flouriſhed; but where are 
the poets, the hiſtorians, the orators, the philo- 
ſophers, of the ſouthern world? We may as 
well ſearch for the ſciences among the beaſts of 
the wilderneſs. There would be no end, if we 
were to continue the compariſon through all the 
ſeveral improvements which may be compre- 
hended under the name of humanity ; for here we 
have every thing that can adorn human life, and 
there they can have nothing. He that conſiders 
the ſubject, will find that the natural and intel- 
lectual advantages always correſpond to each 
other. 


Every habitable latitude enjoys a heat of 60 
degrees at leaſt, for two months; which heat 
ſeems neceſſary for the growth and maturity of 
corn. The quickneſs of vegetation in the higher 
latitudes, proceeds from the duration of the ſun 


over the horizon. Rain is little wanted, as the 
| earth 


N 
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cata ſufficiently moiſtened by the kin of 
the ſnow that covers it during the winter: cir- 
cumftances, which, among many others, evinee 
the wiſe diſpoſition of "TO 19 divine e | 

| vidence. 15 9 5 


It is DOTY to the ſame provident hand that the 
globe of the earth is interſected with ſeas and 
mountains, in a manner that on it's firſt appear- 
ance ſeems altogether irregular and fortuitous, 
preſenting to the uninformed eye the view of an 
immenſe ruin ; but when the effects of theſe 
ſceming irregularities on the face of the globe, 
are carefully inſpected, they are found moſt bene- 
| ficial, and even neceſſary to the welfare of it's 
inhabitants; for to ſay nothing of the advantages 
of trade and commerce, which could not exiſt _ 
without theſe ſeas, it is by them that the cold of 
the higher, and the heat of the lower latitude, is 
moderated. It is by the want of ſeas, that the 
interior parts of Aſia, as Siberia and Great Tar- 
tary, as well as thoſe of Africa, are rendered 
almoſt uninhabitable. In the ſame manner, 
mountains are neceſſary, not only as the ſources 
of rivers, but as a defence againſt heat, in the 
warm latitudes; without the Alps, Pyrenees, 
Apenine, the mountains Dauphine and Auvergne, 
Italy, Spain, and France, would be deprived of 
EO Cc 4 the 
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the mild air they now enjoy. Without the Bal. 
been a deſert. Hence Jamaica, St. Domingo, 


Sumatra, and moſt other intertropical iſlands, 


\ a 


are furniſhed with mountains, from -which. pro- 
ceed the breezes by which they are refreſhed.* 


* Kirwan on Climates, 


4 * 


Or Taz Uss or THIN CELESTIAL GLoss. 


HE celeſtial globe is an artificial repre-. 
| ſentation of the heavens, having the fixed - 


ſtars drawn upon it, in their natural . and 
ſituation. 


It is not to be ſuppoſed that the celeſtial globe 
is ſo juſt a repreſentation of the heavens as the 
terreſtrial globe is of the earth; becauſe here the 
ſtars are drawn upon a convex ſurface, whereas 
they naturally appear in a concave one. But ſup- 
pole the globe were made of glaſs, then to an eye 
placed in the center, the ſtars which are drawn 


upon it would appear in a concave ſurface, juſt 
as they do in the heavens. 


4a 


a | DusCR1$TION 4 vst . 
K 1 


/ ; 
Or if che reader was to ſuppoſe that holen were 
made in each ſtar, and an eye placed in the cen- 
ter of the globe, it would view, through thoſe 
holes, the lame ſtars | in the heavens. that they 
7 55 
el the terreſtrial La by 1 oh it's . 
repreſents the real diurnal motion of the earth; ſo 
the celeſtial globe, by turning on it's axis, repre- 
mon 15 e diurnal motion 5 the . 
For the ſuke of Kitt acuity: ud to Spd 4p con- 
Wert references, it will be neceſſary to repeat 
here ſome articles which have n HOP * | 
* e | 


$2 bs - 


The ecliptic is that graduated circle which 
croſſes the equator in an angle of about 23 4 de- 

grees, and the angle is called the obliquity of the 
en 1 | 


The circle is divided into twelve equal parts, 
conſiſting of 30 degrees each; the beginnirigs of 
them are marked with characters, repreſenting D 

the twelve ligns. 155 | | 
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Aker 28 Taos 8. Gemini II, Cancer. S. 
Leo Q, Virgo m, Libra , Scorpio m. 


Sagittar. us 7, e . Aquarien . 5 


* N. W 1 . FM J 85 1 RF, 


2 


5 my father 8 1 juſt der the ai 
tis, the months, and days of each month, are 
graduated, fer the readier fixing the arrificial ſun 
_— it's 1 in 7 e 


The two ty whoop the ecliptic Soils: the 
equinoctial. (the circle that anſwers to the equa- 
tor on the terreſtrial globe) are called the equi- 
noctial points; they are at the beginnings of 
Aries and Libra, and are ſo called, becauſe when 
the ſun is in either of them, the ar and PE + is 
every where equal. e 


The ert wits of Cancer a Cans are 
called ſolſtitial points; becauſe when the ſun ar- 
rives at either of them, he ſeems: to ſtand in a 
manner ſtill for ſeveral days; in refpe& to his 
diſtance from the equinoctial, when he is in one 
ſolſtitial point, he makes to us the 2 we 


RI in the ther the ge dene * 


* 
* 
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nt he Ie latitude and egg of n WE deter 


* 


"The lde Ae ftars and W is 
reckoned upon the ecliptic ; the numbers begin- 
ning at the firſt points of Aries V, where the 
ecliptic croſſes the equator, and ng ac- 
cording to the onde of the __ 5 


Thus fuppoſe t the ſun to bei in the Toth Gepe 
of Leo, we ſay, his longitude, or place, is four 
ſigns, ten degrees; becauſe he has already paſſed 
the four ſigns, Aries, Taurus, W OR 
ind is ten degrees in the fifth. | 
F ' The latitude of the ftars and planets is deter- 
mined by their diſtance from the ecliptic upon a 
| ſecondary or great circle paſſing through it $ 
_ and en it at right 2 e 
- Twenty-four of theſe circular lines, which eroſs 
the ecliptic at right angles, being fifteen degrees 
from: each other, are drawn upon the ſurface of 
our celeſtial globe; which being produced both 
ways, thoſe on one fide meet in a point on the 
northern polar circle, and thoſe on the other meet 
in a point on the ſouthern 5 85 circle. 


Sx * 
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eee determined by the . theſe. 


circles are called the poles of the 8 l 
north, the other fouth. | 
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From theſe A it . has: Jongh- 
tude and latitude on the celeſtial globe bears juſt - 
 theſame relation to the ecliptic, as they doon the 

terreftrial 28 to the ne Ys | 


"Thus as the longitude of places on hath is 
meeaſured by degrees upon the equator, counting 
from the firſt meridian; ſo the longitude of the 
heavenly bodies is meaſured by degrees upon the 
ecliptic, counting from the firſt point of Aries. 


And as latitude on the earth is meaſured by 
degrees upon the meridian, counting from the if 
equator ; ſo the latitude of the heavenly bodies 
is meaſured by degrees upon a circle of longitude, 
counting either north or ſouth from the ecliptic. 


The ſun, therefore, has no latitude, being al- . 
Vaps in the ecliptic ; nor do we uſually ſpeak of 
his longitude, but rather of his place in the cclip- 
tic, expreſſing it by ſuch a degree and minute of 
ſuch a ſign, as 5 degrees of Taurus, mo: of 
35 W of longitude. | 


* 


be 


The hene of any heavenly body from the 


cgquinoctial, meaſured upon Re MEA is 
: called it's declination. TDI LMI HT" LE 


* 


. ; | 8 


N abs Col g Fe TR OS or | 
dad at any time, is the ſame as the latitude of 
the place to which he is then Vertical, eder ” 


never more 825 25 2 degrees. 


- 


10 5 Rs = : Therefore all. PARALLELS or DECLINATION on 
the celeſſial globe are the "PI Te as: COMP 
8 latitude on bh terreſirial. 


Fl : . 
* 


1 Ry « have 3 be, In col decl- | 
nation ne vice verſa. 
"That which] is called Jang on he Sg 
globe, is called Kir ascexs10n on the ce- $ 
leſtial; namely, the ſun or ſtars diſtance from that 
meridian which paſſes through the firſt point of 
Aries, counted on the e | 


k 
4 


e alfo ſpeak of opLIQQE ASCENSION 
: 480 DESCENSION, by which they mean the | 
Aiflance of that point of the equinoctial. from the. 
firſt point of Aries, 'which in an oblique ſphere 


- riſes or ſets, at the ſame. time 25 the ſun or f Nat | 
riſes or ENG. | 


"Nc EN. 
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e difference is 3 rence be- 
wirt right and oblique aſcenſion. The ſun ?: 
aſcenſional difference turned into time, is Jan ſo 
e eee FRG 


The celeſtial bes 5 tne on. 5 | 
ſurface of the celeſtial globe, are repreſented by a 
variety of human and other figures, to which the 
ſtars that are either in or near them, are referred. 


The ſeveral ſyſtems of ſtars which are applied 
to thoſe images, are called conſtellations. Twelve 
of theſe are repreſented on the ecliptic circle, and 
extend both northward and ſouthward from it. 
So many of thoſe ſtars as fall within the limits of 
$ degrees on both ſides of the ecliptic circle, to- 
gether with ſuch parts of their images as are con- 
tained within the. aforeſaid bounds, . conſtitute a 
kind of broad hoop, belt, or 2 ice 1s 
called the ba. 


Tune names 1 5 reſpedtive charadters of the 
twelve ſigns of the ecliptic may be learned by 
inſpedion on the ſurface of the broad paper cir- 
cle, and the conſtellations from the globe itſelf. 


. 
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The 8 n by 1 

| ne to the ecliptic, on each ſide thereof; 
— theſe circles are one degree diſtant from 
Other, fo tha the whole bea of the ade is 
1 degrees. | 

SE T0 \ £54 66 

en aol OR oy * 1 of * 
i mee reckoned; and in their apparent mo- 
a 3g nn limits of the zodiac. 


On each fide of the TR as was obſerved, 
8 : why? conſtellations are diſtinguiſhed ; ; thoſe on 
the north fide are called northern, and thoſe on 
the n n ae it, Ip runs nne 


All the ſtars which een theſe conſtella- 
tions, are fuppoſed to increaſe their longitude 
continually; upon which ſuppoſition, the whole 
ſtarry firmament has a flow motion from weſt to 
eaſt; inſomuch that the firſt ſtar in the conſtella- 
tion of Aries, which appeared in the vernal inter- 
ſection of the equator and ecliptic in the time of 
Meton the Athenian, upwards of 1900 years 
ago, is now removed about 30 degrees from it. 


30 Wea oo | | 
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To fitprrgr" Tur MOTION or The S 
ral POINTS BACKWARDS, OR IN ANTECEDENTTA, 
vo THE CELESTIAL GLOBE, elevate the north 
pole, lo that it's axis may be perpendicular to 
the plane of the broad paper Circle, and the equa- 
tor will then be in the ſame plane; let theſe 
repreſent the ecliptic, and then the poles of the 
globe wilt alſo repreſent thoſe of the ecliptic ; the 
ecliptic' tine upon the globe will at the ſame time 
repreſent the equator, inclined in an angle of 
23z degrees to the broad paper circle, now 
called the ecliptic, and cutting it in two Points, | 
"wm are RIES the equinoQtial . 


Now you turn the globe flowly Eh 
it's axis from eaſt to weſt, while it is in this po- 
ſition, theſe points of interſection will move 


round the ſame way; and the inclination of the 


circle, which in ſhewing this motion repreſents 
the equinoRtial, will not be altered by ſuch a 
revolution of the interſecting or equinoctial 
points. This motion is called the preceſſion of 
the equinoxes, becauſe it carries the equinoctial 
points backwards amongſt the fixed ſtars. 


The poles of the world ſeem to deſcribe a cir- 
cle from eaſt to weſt, round the poles of the 
ecliptic, ariſing from the preceſſion of the 


D d 2 equinox. 
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equinox. It is a very ſlow motion, for the. 'equi- 
noctial points take up 72 years to move one de- 
gree, and therefore they are 25,920 years in 
eee mae or OY _— 


This motion of the poles i is „ repreſented 
by che above-deſcribed poſition of the globe, in 
which, if the reader remembers, the broad paper 
circle repreſents the ecliptic, and the axis of the 
globe being perpendicular thereto, repreſents the 
axis of the ecliptic,; and the two. points, where 
the circular lines meet, will now repreſent the 
; poles of the world, whence as the globe is ſlowly 
turned from eaſt to weſt, theſe points will revolve 
the ſame way about the poles of the globe, which 
are here ſuppoſed to repreſent the poles of the 
ecliptic. The axis of the world may revolve as 
above, although it's ſituation, with reſpect to the 
ecliptic, be not altered ; for the points here ſup- 
poſed to repreſent the poles of the world, will 
always keep the ſame diſtance from the broad 


paper circle, which repreſents the e in 
this ſituation of the globe.“ 


1 


From 


'  ® Rutherforth's Syſtem of Nat. Philof, vol. il. p. 730- 
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From the different degrees of brightneſs in the 
ſtars, ſome appear to be greater than others, r 
nearer to us; on our celeſtial globe they are 


diſtinguiſhed into ſeven different magnitudes. 
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IN THE SOLUTION OF | 
PROBLEMS RELATIVE TO THE SVN. 


VERY thing that relates to the ſun is 
| of ſuch importance to man, that in all 
things he claims a natural preheminence. Tbe 
ſun is at once the moſt beautiful emblem of the 
Supreme Being, and, under his influence, the 
foſtering parent of worlds ; being preſent to them 
by his rays, cheering them by his countenance, 

cheriſhing them by his heat, adorning them at 
each returning ſpring with the gayeſt and richeſt 
attire, illuminating them with his light, and 
feeding the lamp of life. 


'% 1 


or ,THE GLOBES: 42g 


of names, each characieriſtic of his different 
effects; he was their Hercules, the great de- 
liverer, the reſtorer of light out of darkneſs, the 
diſpenſer of good, continually labouring for the 


happineſs of a depraved race. He was the Mi- 


thra of the Perſians, a word derived from love, 
or mercy, becauſe the whole world is cheriſhed 
cee ee as it were the K. 
% 


In the ſacred * the . ſource of 


all emblematical writings, our Lord is called our 
ſun, and the ſun of righteouſneſs; and as there is 
but one ſun in the heavens, ſo: there is but one 


true God, the maker and redeemer of all things, 


the light of the underſtanding, and the life of the 


As in ſcripture our God is ſpoke of as a ſhield 
and buckler, ſo the ſun is characterized! by: this 
mark O repreſenting a ſhield or buckler, the 
middle point the umbo, or boſs; for it is love, 


or life, * alone can of pa from. ſax Ge 8 
dab mobiq gt 5 


2 


His celeſtial rays, like thoſe of the fun, he 
their circuit round the earth ; there is no corner 


N 1 


To the ancients he was known under a variety ; 
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IN THE SOLUTION OF 


PROBLEMS RELATIVE TO THE SUN, 


VER thing that relates to the ſun is 
| of ſuch importance to man, . that in all 
things he claims a natural preheminence. The 
ſun is at once the moſt beautiful emblem of the 

Supreme Being, and, under his influence, the 
foſtering parent of worlds ; being preſent to them 
by his rays, cheering them by his countenance, 

cheriſhing them by his heat, adorning them at 
each returning ſpring with the gayeſt and richeſt 
attire, illuminating them with his light, and 
feeding the lamp of life. 


To 
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| o the ancients he was known under a variety 
of names, each characieriſtic of his different 
effects; he was their Hercules, the great de- 


liverer, the reſtorer of light out of darkneſs, the 


diſpenſer of good, continually labouring for the 


happineſs of a depraved race. He was the Mi- 


thra of the Perſians, a word derived from love, 
or mercy, becauſe the whole world is cheriſhed 
ee geb as it were the wehe of l. 
love. 


In the ſacred 7 the original ſource of 


all emblematical writings, our Lord is called our 
ſun, and the ſun of righteouſneſs; and as there is 
but one ſun in the heavens, ſo there is but one 


true God, the maker and redeemer of all things, 


the light of the underſtanding, and the life of the 


- 


As in ſcripture our God is ſpoke of as a ſhield 


and buckler, ſo the ſun is characterized' by this 


mark O repreſenting a ſhield or buckler, the 
middle point the umbo, or boſs ; for it is love, 


WY : life, which alone can protect from: fear and 


| His celeſtial rays, like thoſe of th 4 5 


their circuit round the earth ; there is no corner 


d 4 bo ae 


— 
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: it ſo remote as to be without the reach of their | 
Vivifying and penetrating power. As the mate. 
rial light is always ready to run it's heavenly race, 
and daily iſſues forth with renewed vigour, like 
an invincible champion, ſtill freſh to labour; ſo 


| Þ likewiſe did our xDREMH7J% Gop rejoice to run 
his glorious race, he excelled in firength, and 


triumphed, and continues to triumph over all 
the powers of darkneſs, and his ever manifeſting 
ne as the deliverer, the Oy, the friend, 
ang father a he pho race, * 
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1 rity the celeſtial ee, 


W be 
A 


To — the celeſtial ne is to put ee in 
FR poſition i in which it may repreſent —_ 
the da ge motion 5. the els 

TS e poſition will vary, wa þ 
din: conn! to the different latitude of the 
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85 I i [3 t 6 Th wr 
. . Therefore, to reftify for any, place, find firſt; 
by the terreſtrial globe, the latitude of that place. 


7 Horne on the Pſalms, 


* 


e bands of the place being found in Je- 


grees, clevate the pole of the celeſtial globe the 
ſame number of degrees and minutes above the 
plane of the horizon, ſor this is the name given 


to the broad paper en an. e en 


let globe. e 14,05 e e 


Thus the latitude of London being 51 5 3 6 
let the globe be moved till the ee of the hori- 


1181 9. 
N * 


on cuts ee n, vi Ding err 


The next rectification is 7 5 uu ſun? 's 0g ; 
which may be performed as directed in pr. Xxix; 


or look for the day of the month cloſe under the 
ecliptic line, againſt which is the ſun's place, 
place the artificial ſun over that point, then bring 
the ſun's place to the graduated edge of the ſtrong 


brazen tte and ſet the hour index to the 


Thinkin a af dey ce Eos. 


grees of Gemini, and is fituated near the bull's 


eye and the ſeven ſtars which are not then viſible, 
on account of his ſuperior light. If the ſun were on / 
that day to ſuſfer a total eclipſe, theſe ſtars would 
then be ſeen ſhining with their accuſtomed 


Ws 8 


Laſtly, 


or THE 'GLOBES. I :. 425. 
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_ Laſtly, ſet the meridian of the en 
and 8 = the Oy x ws FFI | ru oY 


} 3 8 NS 1 | 
re Pp 187 +5 + Wy 


And the globe will bereKified, or "ey into a 
gib poſition,” to the concave ſurface of ke 
| 80 85 for fo goes latitude. | 


ee a. 


, 7 * | T i } 


| To find the Aeutinarioh of th Cu fe pe 

4 MPs U 0 in 18 W | 

| bake: NP of] the Tr cloſe 1 he 
ecliptic line, againſt which is the ſun's place; 
bring that point under the ftrong braſs meridian, 
and the degree that ſtands over it is "On WA nan 
e 1 __ Se 2 Ro 


Py — 
. 17 , 


Thus on Ws 3 of May-a as fe vast n 
wh be about 23 deg. 10 min. ; and upon the 


23d of Auguſt it will de 14 deg. 13 min? 
; | 7 i EAT -, T3 et. 5:4 199 6 
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PROBLEM 


b e . 


10 find. the ſur $. right deen. 
The We en of 40 ſuns Ge. is an nk 
of the equinoctial contained between the begin- 


ning of Aries, and that point of i it which comes 
to the meridian with i It. | 


7 : 7 - 4 
"4 : 


Therefore, bring the ſun's place to the me- 


ridian, and that point of the equinoctial which is | 


under the meridian will ſhew the MN 8 da * 

cenſion. 1 CET» | „„ 
Thus on the 11th of May the 142 aſcenſion 

vill be found to be 47 deg. 10 min. | 


By the two laſt problems, we ſee that the right 
aſcenfion and declination is found after the fame 


manner as the longitude and latitude of a place 


upon the terreſtrial globe. TA 

Bring * ſun's place to the weſtern edge of the 
horizon, and the degree of the equator, cut by 
the horizon, is his oblique deſcenfion ; carry him 
round to the eaſtern ſide, and you will there find 
his oblique 1 | 


ie F Exh? Sh 
e PROBLEM | 
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* een E 1 Ln e 
The latitude ofthe OM and the fur $ Rel being | 
given, to Oy Ine tun $ ORR.” ; 

IP 2 | #Y 
That Wer as eaſt or weſt in ia hori- 
zon, wherein any objekt riſes" or ſets, | is called the | 
_ AMPLITUDE, 

*Redtify the globe to the latitude of the place, 
and bring the ſun's place to the eaſtern ſide of the 
meridian, and the arch of the horizon intercepted 
between that point and the caſtern point, will be 
the ſun' $ amplitude at  rifing. 


» 


If the ſame point be 85 to the weſtern ſide 
of the horizon, the arch of the horizon inter- 
cepted between that point and the weſtern point. 
will be the ſun' 8 nech at ſetting. 


Thus on the 24th of May ihe fi Eh Bur 
with 36 degrees, of eaſtern amplitude, that is, 36 
degrees from the caſt towards the north, and ſets 
at eight, with 36 degrees of weſtern amplitude, | 


"The modi of the ſun at riſing and eig 
increaſes with the latitude of the place; and in 


very high northern latitudes, the ſun ſcarce ſets 
| N © beforo 


* 


2 


429 or T $1086, 429 


_ 1 riſes again. Homer bad heard ſowe- 
| thing of this, though it is not true of the 
LON to whom he 9 it. 


Six = * nights: a doubtful 3 we de I 
The next, proud Lamos' lofty towers appear, 5 
And Læſtrygonia's gates ariſe diſtinct in air. 
The ſhepherd quitting here at night the plain, 
Calls, to ſucceed his cares, the watchful ſwain. 
But he that ſcorns the chains of ſleep to wear, 
And adds the herdſman's to the ſhepherd's care, 
So near the paſtures, and ſo ſhoxt the way, 

His double toils may claim a double pay, 

And join the labours of the night and day. hn 


: Fo F248, E5Y 4 * * 


PROBLEM LIV.; | - 


To find the ſun's altitude at any given time of the 
5 day. . | 5 


Set the center of the artificial ſun to his place 
in the ecliptic upon the globe, and rettify it to the 
latitude and zenith; bring the center of the arti- 
ficial fun under the ſtrong braſs meridian, and ſet 
the hour index to that XII which is moſt elevated ; 
turn the globe to the given hour, and move the 
graduated edge of the quadrant to the center of 

the artificial * ; and that degree on the quadrant 

1 | which 
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which nen by te ſun's emer, deen 
"_ time. , eee e 


. Ty, Feat, © * by x $ 6. * 89 K 3 15 5 0 
nnd ; N & £ 4 : a; , 


FH ES The aptificial ſun - pig 3 under he 
5 | ſtrong braſs meridian, and the quadrant laid upon 

= 8 it's center, will ſhew it's e or OOTY 
AT eee re cc eee 


N f 1 


| A be U e W 
: kalen altitude is equal to the elevation of the 


equator, which is always _ to LANE co-latitude 
of the 3 18 


Thus on oy 24, at ale ck; hs „ 
about 44 degrees of altitude; and at ſix in the 
evening of the ſame 2 his altitude will be 

about nee 


$1 e e OR VERTICAL CIRCLES. 


The vertical point, that is, the + uppermoſt 

7 point of the celeſtial globe, repreſents a point in 
| the Wee e e PIs 
our zenith. 


W 


es this point Hicks hues may ve con- 
—_— crofling the horizon at = W 


Theſe 


> . J * ” 7 . 
2 8 W : - . 
. 9 7 N . "x ; , AS +4 | © k 
* > © 4 * N ann f 
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- + + Theſe ate called azinurh of VERTICAL) cin | 


ers. That one which croſſes: the horizon at 
10 deg. diſtance from the meridian on either 


ſide, is called an azimuth circle of 10 deg. that 7 
which eroſſes at 20, is nen * 


20 deg. 8 Fon 0 0 


2 


an of 90 deg. is ne PRIME 
' VERTICAL: it croſſes the horizon . the e 
and weſtern n, 


4 


% 
17 
11 
- * 


As AZIMUTH CIRCLE 1 may be | ran: by 


the graduated edge of the braſs quadrant of alti- 
tude, when the center upon which it turns is 
ſcrewed to that point of the ſtrong braſs meri- 
dian which anſwers to the latitude of the place, 
and the Place is OE into the zenith. See 


prob. xxx. 


If the ſaid graduated edge 0 lie over the 


ſun's center or place, at any given time, it | will 
Ss x the ſun's uximith at _w_ e 


If the es 85 de fixed at any point, ſo 
as to repreſent any particular azimuth, and the 
fun's place be brought there, the horary index 
will ſhew-at what time ef that APs fun will be 
in that particular azimuth. : 

Here 


- 
* 


WS, 
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lere it may be obſerved, theres auyrarvps | 
and mh are wry the __ na N 


W * k ; 
, : 155 78 | 
SETS * 1 EF | 


The ak e * * of 7 
object WHEN IT RISES OR'8ETS, from the zAsr and 
WEST "_— of the horizon. 5 


ke azimuth u. + biating of: any object 1 it 

is ABOVE THE HORIZON, either from the vokrn 

on 80UTH points thereof. Theſe deſcriptions 

and illuſtrations n underſtood, + e wal 
cred: o f | 


# 


PR OB L E * uv; Tt BE $69: 


| The ene, the ſun 8. SAS 4 * 0 
being given; to find the hour of the day, and 
the ſun's azimath from the meridian, lurker. 


1 Taste e the globe for the latitude, the 
5 N zenith, and the ſun's place, turn the globe and 
the quadrant of altitude, ſo that the ſun's place 
may cut the given degree of altitude: then the 
index will ſhew the hour, and the quadrant Will 
Pp cut the azimuth in the horizon. Thus, if at 
. Iondon, on the 21ſt of Auguſt, the ſun's altitude 


1 de 36 deR. ee the eee | 
| en rela nod a will 


« * . - . 
” Re * 
* 


will bis ix. and. the ſun' 8 azimuth about 8er. Vo 
| from the an mu of the meridian. | 


or THE; GLOBES, 


: 3 1609280 07; . 
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The — — weve the diy; abd the ſun” 8 . 
being Bl 3 to find the ſun's _— and i 


Bech) The pay for os le FE end 
and the ſun's. place, then the number of degrees 
contained betwixt the ſun's place and the vertex, 
is the ſun's meridional zenith diſtance the com- 
plement of which to 90 deg. is the ſun's meri- | 
dian altitude. If you turn the globe about until  *' ©? 
the. index points to any other given hour, then by 
bringing the quadrant of altitude to cut the ſun's 8. 
plate, you will have the ſun's altitude at that 
hour; and where the quadrant cuts the horizon, 
is the ſun's azimuth at the ſame time. Thus 
May the 1ſt at London, the ſun's meridian alti- | 3 
tude will be 53z deg. ; and at 10 o'clock in the 
morning, the ſun's altitude will be 46 deg. and | 
his azimuth about 46 4 from the ſouth 0 8 
of the meridian. | 


Be ' |  yrod 
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The latitude of the Pa _ the 45 of the 
month being given; to find the depreſſion of 
the ſun below the an re and the menos at 
e e e, fe ee Ae, 
Having rectified the be for as + Mitte 

the zenith, and the ſun's place, take a point in 

the ecliptic exactly oppoſite to the fun's place, 
and find the ſun's altitude and azimnth; as by 

the laſt problem, and thefe-will be pur 9 

| and the altitude TUE. 1 


Thus if che time given be the 1ſt of Novem- 

ber, at 10 o'clock at night, the depreſſion and 
azimuth will be the fame as Was an in the on 
problem. 4 


| PROBLEM Lv. | ' 


© 


The latitude, the ſun's at and his etirioch 
being given, 10 find os n 0 the hour. 


Rectify the lobe for ls Nine au! 0. 
and the ſun's place ; then put the quadrant of 
| altitude to che ſun's azimuth in the horizon} and 
turn the globe till the ſun's place meets the edge 
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Hanse dent then the ſaid edge will moms 
alcicyge, and OR ans tothe hour. 
ah 
Thus, May aſt, at 46665 when the fun i is 
due eaſt, his altitude will be abqut 24 degrees, 
and the hour about VII in the morning ; and 
when his azimuth is 60 degrees ſouth-weſterly, 
the altitude will be about 44 4 degrees, and che | 
hour about 24 in the afternoon. 755 


Thus dhe lasen umi the day ibeing kaun, 
and having boſides either the altitude, the azi> 


mut en n OI wen. ee 


* 0 
4 = : . j 
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o o * $5 43 *. * — * 4 * 0 © : o - Fa 


r LIK 


The in the ſun's altitude, N his 3 


being given, to find his place in the ea 
and the hour: | 


Regify the obe for the att and ain 
and ſet the edge of the quadrant to the given 
azimuth ; then turning the globe about, that 
point of the ecliptic which cuts the altitude, will - 
be the ſun's place. Keep the quadrant of alti- 
tude in the ſame poſition, and having brought 
the ſun's place to the-meridian, and the hour in- 
ES; dex 


436. | | DESCRIPTION AND "USE 


dex to 12 at non. tem the globe ubs till the 
ſun's place cuts the | quadrant of altitude, and 
han TIER ene a os | 


4 an 2 | PROB L EM EX. 
The NN ad e altitude the fun, 
or of any ſtar being ſh to find che latitude 
8 the place. | 


Mark the point of declination upon the me- 
ridian, according as it is either north or ſouth 
from the equator; then ſlide the meridian up or 
down in the notches, till the point of declination 
be ſo far diſtant from the horizon, as is the given 


meridian altitude; that cations of the bole will 
be the en 


1710 

Thus if the "Mg or any: far's medal alti- 
tude. be 50 degrees, and it's declination be 11 3 
degrees north, the latitude will be 51 f degrees 


north. 135 94 
: : " : 
T1 1 , * 1 * * 
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To o find Fe NY of any | ay i in FER year, , in,any 
latitude, not ug 66 2 1 pn 


1 the celeſtial 3055 to the latitude, and 
ſet the center of the artificial ſun to his place 
upon the ecliptic line on the globe for the given 
day, and bring it's center to the ſtrong braſs me- 
ridian, placing the horary index. to that XII 
which is moſt elevated; then turn the globe till 
the artificial ſun cuts the eaſtern edge of the 
horizon, and the horary index will ſhew the time 
of ſun-rifing ; turn it to the weſtern fide, and you 
oben _ boar 15 erke. 1 

The engl of the day and W will bs. ob- 
tained, by Sing the time of APs ms | 


{ering gn before. 


A 


rn e 15 


To find he 1 of os Woweh a 8 
days in any latitude that does not exceed 66 x 
degrees. 


Elevate the globe according to the latitude, 
and place the center of the artificial ſun For the 
E e 3 lohgeſt 
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10 Wo a vis N 


| longeſt day upon the firſt prine of Cancer but 
for the ſhorteſt day on the firſt point of Capri. 
Corn, ee as inthe hft apt ona 


| "Ia i the "oh bath fouth . the 3 is 
in the firſt point of Capricotn on their longeſt 
day, and in the firſt Point of Cancer on their 
wüde LON. why 


* 4 „ 
bo 1 ” 4 


5 | * R On „ 1 M kun, 5 . 
ET and hs latitude of a Rae, in which i 
_ "longeſt day may be of any given length between 
N and twenty-four hours. 


Set the artificial ſun to the firſt p point of Cancer; 
7 bring it's center to the ſtrong braſs meridian, 
and ſet the horary index to XII; turn the globe 
till it points to half the number of the given hours 
and minutes; then elevate or depreſs the pole, 
till the artificial ſun coincides with the horizon, 
and. that elevation of the pole is the latitude 


PROBLEM 


in this caſe repreſents the horizon, and the horary 
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To find the time of the ſun's riſing and ſetting, 
the length of day and night, on any place 
whoſe latitude lies between the polar circles; 
and alſo the length of the ſhorieſt day in any of 
thoſe latitudes,” and in what climate they are. 


_ Redtify the globe to tho hate of che Nich 
place, and bring the artificial ſun to his place in 
the ecliptie for the given day of the month; and 
then bring it's center under the ſtrong braſs me- 
ridian, and ſet the horary N W ** 1 0 
K mole e 5 


Then at, attiicial hom to 
. akon hes thich 


index ſhews the time of the ſun · riſing; turn the 
artificial ſun to the weſtern fide, and the horary . 
index will ou 8 of the e 


Double the time of fun-rifing i is OM 1 5 of 
the night, and the double of that of GN 
the ragt af the od Ly 


Thr arts $44 1 e ee ee 


* min. and ſets at 8 h. 20 min.; by 
Ee 4 5 Wubling 
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doubling each number it will appear, that _ 
length of this day i is 16 h. U ner 0 6 80 
. 7b. 20 min. 15 „ 
me longeſt gay: at all hand in rt latitude, 
is when = 15 is. in N veſt 99 of Cer: 
And, | 7 Ti ub el S 


5 The longeſt day to thoſe in fouth latitude; is 

_ the ſun. is in the bell * of ee. 
4120 SEMIN 
Wherefore, the 9 ow rectified as "an | 
and the artificial ſun placed to the firſt point of 
Cancer, and brought to the eaſtern edge of the 
broad paper circle, and the horary index being 
ſet to that XII which is moſt elevated; on turn- 
ing the globe from eaſt to weſt, until the artificial 
ſun coincides with the weſtern edge, the number 
of hours counted, which are paſſed over by the 
horary index, is the length of the longeſt day; 
their complement to twenty - four hours 1 the 
n of wa Jt TN. Ts 5 
If e heurs 8 lubtracted 1 a a : 

of the longeſt day, and the remaining hours 
doubled, you obtain the climate mentioned by 
ancient hiſtorians: and if you take half the cli- 
mate, d add thereto twelve hours, you obtain 

. 7 4,9 Ce 
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the length of the longeſt day in that climate; 
this holds "_— for e e eee we 
pal circles, 
| 1 „ 8 
| Ns Fg ſpace ls the ſurface of the 
earth, contained between two parallels of latitude, 
ſo far diſtant from each other, that the longeſt 
day in one, differs half an hour from the Altai 
9 in che other parallel, | 


. 17 


. 


The latitude of a place being given in one of the 
polar circles, (ſuppoſe the northern) to find 
what number of days (of 24 hours each) the 
ſun doth. conſtantly ſhine upon the ſame, how | 
long heis abſent, and alſo the Tt 1 r 


of his appearance 


* 


Having refliied the globe according to the 
latitude, turn it about until ſome point in the 
firſt quadrant of the ecliptic (becauſe the latitude - 
is north) interſects the meridian in the north 
point of the horizon; and right againſt that point 
of the ecliptic, on the horizon, ſtands the day of 
0 month when the 885 * 9s 8 


* 


0 # f F \ I | 
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And if the glode be turned about till ſomo 
the meridian in the ſame point of the horizon, it 
will ſhew the ſun's place when the longeſt day 
ends, whence the day of the month may be 
found, as beſore; then the number of natural 
| days contained between the times the longeſt day 
begins and ends, 1 A og 5 
| recipe. | | 


Again, turn the 8 until ſome point 
in the third quadrant « of the ecliptic cutsthe me- 


ridian in the ſouth part of the horizon; that 
point of the ecliptic will give the Yup barry the 


longeſt might ore | 5 


Laſhy, turn the globe auth un his point 
in the fourth quadrant of the ecliptic cuts the 
meridian in the ſouth point of the horizon; and 
that point of the ecliptic will be the place he the 


Bir» when the 3 5 . ends, . 


Or, the time when the longeſt MY or t 
begins, being known, their end may be found by 
counting the number of days from that time to 
the ſucceeding ſolſtice; then counting the ſame 
number of days from the ſolſtitial day. will 9100 


; the time when it ends, | | 
i | | 0 


* 


| 2 be or rut elonrs, 0 


o rut 'Eayarion « or This, 


7 


It i N hrt ehe in 4 irearife of l King . 0 | 
enter into a difquiſition of the nature of time. It 
is ſufficient to obſerve, that if we would with 
exactneſs eſtimate the quantity of any portion of 
infinite duration, or convey an idea of the ſame 
to others, we make uſe of ſuch known meaſures 
as have been originally borrowed from the mo- 
tions of the heavenly bodies. Tt js true, none of 
theſe motions are exactiy equal and uniform, but 
are ſubject to ſome ſmall irregularities, which, 

though of no conſequence in the affairs of civil 
life, muſt be taken into the account; in aſtro. 
nomical calculation, there are other irregularities 
of more importance, one of which is the in- 
equality: of the natural Gaye, 


It is a conſideration that. cannot be reflected 
upon without ſurprize, that wherever we look for 
commenſurabilities and equalities in nature, we 
are always diſappointed. The earth is ſpherical, . 
but not perfetly ſo; the ſummer is unequal, 
when compared with the winter; the ecliptic 
diſagrees with the equator, and never cuts it 
twice in the ſame equinoctial point. The orbit 
of the earth has an eccentrieity more than double 
in proportion io the ſpheroidity of it's globe: no 

number 
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number of the revolytions of the moon aaa, 
with any number of the revolutions of the earth 
in it's orbit; no two. of the planets meaſure one 
another ; and thus it is wherever we turn our 
thoughts, ſo different are the views of the Creator 
from our narrow conception of things; where we 
look for nnen * ing: n a 
me * : Y 
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Thus ancient ee looked upon the mo- 
tion of the ſun to be ſufficiently regular for the 
menſuration of time; but by the accurate obſer- 
* vations of later aſtronomers, it is found that nei. 
ther the days, nor even the hours, as-meaſured by 
the ſun's apparent motion, are of an equal length 
on two account. 3 

iſt, A nec or Wb ly of 24 N is s that 
ſpace of time the fun takes up in paſſing from 
any particular meridian to the ame again; and 
one revolution of the earth, with reſpect to a fixed 
ſtar, is performed in 23 hours, 56 minutes. 
4 ſeconds; therefore, the unequal progreſſion of 
the earth through her elliptical orbir, (as ſhe 
takes almoſt eight, days more to run through the 
northern half of the ecliptic, than ſhe does to paſa 
through the ſouthern) is the reaſon that the length 
of the * 1s not exactly equal to the time- in 
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adly, Fromthe obliquity of the ecliptic to tbe 
e on which laſt we meaſure time; and as 
equal portions of one do not correſpond to equal 
portions of the other, the apparent motion of the 


ſun would not be uniform; or, in other words, 
thoſe points of the equator which come to the me- 


ridian, with the place of the ſun on different days, 


would not be at equal diſtances from each other. 
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80 This laſt is eaflly ſe ä "Fe TY the globe, by 


bringing every tenth degree of the ecliptic to the 


graduated ſide of the ſtrong braſs meridian, and 


you will find that each tenth degree on the equa- 
tor will not come thither with it, but in the fol- 
lowing order from F to 25, every tenth. degree 
of the ecliptic comes ſooner to the ſtrong braſs 
meridian than their correſponding roths on the 
equator; thoſe in the ſecond quadrant of the 
ecliptic, from 23 to ==, come later, from to 

VF ſooner, and from V9 to Aries later, whilſt thoſe. 
He 2 e at 
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meridian at the ſame time; therefore the ſun and 
clock would be equal at theſe four times, if the 
fun was not longer in paſſing through one- half of 

the ecliptic than the other, and the two in- 


| equalities joined together, compoſe that differs 
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| trary to one another. kt e | 


The 1 of the natural day is the cauſe 
that clocks or watches are ſometimes We 
| ſometimes behind the ſun. : 


A good and FR TOS clock goes at | 
on throughout the year, ſo as to mark the equal 
hours of a natural day, of a mean length: a ſun- 
dial marks the hours of every day in ſuch a 
manner, that every hour is a 24th part of the time 
between the noon of that day, and the noon of 

the day immediately following. The time mea- 
_ ſured by a clock is called equal or true time, that 
meaſured by the ſun-dial apparent time. 


or THE: GLOBES. ww 


Or, TAE Us or THE (CELrSTIAL Grons, x Is __ 
| PrOBLENs RELATIVE ro THE CEE.” 
"The 1 fixed dan, 0 hs 

he ſame with reſpect to one another, they have 


their, proper - en ed o them: on We F 
| globe. 


k 
3 + 


FFF 
aſſigned, their ſituation always varying. 
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"The latitude 0 the planets cake ever er exceed- 
ing 8 degrees, the zodiac is ſaid to reach about 
8 degrees on each fide of the ecliptic, - _ 


Upon the celeſtial globe, on ach fide of the 
ecliptic, are drawn eight parallel circles, at the 
diſtance of one degree from each other, including 
a ſpace of 16 degrees; theſe are croſſed at right 

angles, with ſegments of great circles at every 
geh degree of the ecliptic ; by theſe, the place of 


a planet on the globe, on any given day, _ be | 
aſcertained with euney. by 
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Tom find the . of a any. 8 Es te . 
ang by chat means to find it's place in the hea- 


4 _ "alſo, to find at what * 


Vill riſe or ſet, or be on the 1 m 


Redl K. globe io the an and 1 fan's 


the moveable meridian to the given longithde in 


the ecliptic, and counting ſo many degrers 
amongſt the parallels in the zodiac, either above 


8 or below the ecliptic, as her latitude is north or 
ſouth; and fer the center artificial ſun to that 
point, and the center will repreſent i the . of 


1 
*. 


02 fix the e cb N over ihe 1 of 
| the ecliptic, and holding the globe faſt, bring the 
edge of the quadrant to cut the given degree of 


longitude on the egliptic ; then ſeek the given 
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place, then find the planet's longitude and latitude. 
in an ephemeris, and ſet the graduated edge of 


| latitude on the 5 and the 8 Y under it 
js the point * VV 


ph ney! n ITO 49 
—— about irs, a 


point moving along with it will repreſent, the 


planet's motion in the heavens. If the planet he 
brought to dhe caſtern ſide of the horizon, the 
horary index will ſhew the time of it's rifing. If 
the artificial ſun is above tha borigoii, the planet 
will not be viſiþle : when the planẽt is unger, the. 
Rrong brezen metidian; the haut indes ſheys the 
time it will be on that circle in the hqavens: 


vhen ĩt is at the 3 time of it's 
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--- If the meridian, ſet the hour index tb XII, and 
, clevats; the pole for the given latitude : then 
bring the place of the ſun to the weſtern ſerni- 
circle of the horizon, and obſerve what ſigns are 
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in that part of the ecliptic above the horizon, 
then caſt your eye upon the ephemeris for that 


month, and you will at once ſee what planets 
| 29008 any of thoſe elevated ſigns: for ſuch will 
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+  Redify the globe corp ititade and 
day of the month; then find the planet's place, 


as before directed, and then the fight aſcenſion, 


declination, amplitude, 


*&c: are all found, as directed ech 


for the ſun; here 


azimuth, altitude, hour, 
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brilliant ſatellite of our earth, which every month 
enriches it with it's preſence ; by the mildneſs of 
ir's light ſoſtening the darkneſs of night; by it's 
influence affecting the tide; and by the variety 
of it's aſpedts, pms re rev a 


markable phenomend. | 


"As the orbit of the Wo fs 4 varying 
in it poſition, and the place of the node always 
changing, as het motion is even variable in every 
part of her orbit, the ſolution of the problems 
which relate to her, are not altogether ſo "_ 
as thoſe an concetn FO * 
10 7 

„sem ihcteaſes her b in el 
tic every day; about 13 degrees, 10 minutes, by 
which means ſhe croſſes the meridian of any place 
about 50 minutes —_ * ſne did the e 
den Hs, e | 
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When they have oppoſite 


| oppai points of the ecliptic, it is full moon. . 


n. * 5 33 ary u 1 


10 aſcertain - ds moon's place. with Accuracy, 
we muſt recur to an ephemeris ; but as even in 


moſt ephemerides the moon's place is only ſhewn 
at the beginning af each day, or XII o'clock at 


| noon, it becomes neceſſary to. ſupply by. a table 
this deficiency, and 1 W Place ſor 


me 105 „ Haig 


In the W bel 3 poblibed a ke 


the authogity of the Board ef - Longitude, | ve 


have the moon's place for noon and midnight, 
with rules for accurately obtaining any interme- 
diate time; but as this tphemeris may nat 
always be at hand, we ſhall inſert, from Mr. 

Martin's treatiſe on the globes, a table for finding 
the hourly motion of the moon. In order, how- 


ever, to uſe this table, it will be neeeſſary firſt ro 


#1ND: THE QUANTITY- or THE MOON'S DIURNAL 
| MOTION 


or Tur ess. 453 | 


RO ORR ag | 
. for the quantity of the mo 's diurnal matien 
varies from about 11 deg. 46 min. the leaſt to 


3690 16 min. win 


1 ay wade w wMYtD firs 20 of) - 
Tizifoltowing tables arc"ciltblated fro the = 
leaſt of T1 deg. 46 min. to e Ke 18 deg. 
16 mid. every columh eaſing 10 
minutes; upon the top of the column is the 
quantity of the diurnal motion, and on the fide of 
the table are the 24 hours, by which means it 
will be eaſy to find what part of the diurnal mo- 
tion of the moon anſwers to any given number of 


Thus ſuppoſe the diurnal motion to be 12 32, 
look on the top column for the number neareſt 
to it, which you will find to be 12 36, in the 
ſixth column; and under it, againſt 9 hours, 
you will find 4 deg. 43 min. which is her mo- 
tion in the ecliptic in the ſpace of 9 hours for that 
day. The quantity of the diurnal motion for 
any day is found by taking the difference be- 

tween it and the in day. 
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Elevare the ith pole ide 6 celeſtial 64 to 
90 degrees. and then the equator will be in the 
plane of, and coincide with the broad paper cir- 
cle ; bring the firſt point of Aries, marked Y on 
the globe, to the day of the new moon on the ſaid 
broad paper cixcle, which anſwers to the ſun's 
Place for that day; and the day of the moon's 
de will ſtand againſt 1 the „ and r of the 5 
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inmll-patch, to repreſent the moon.  - Holy 
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—— s. in the zodiac, either 
above or belom che ecliptic; as her latitude id 
north or ſouth upon the given day, and that will 
be the point which repreſents the true place of the 
moon for that time, to which pr the artificial 
fun, or a ſmall pat en.. 
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Thus on the. uch of May, 1787, ſhe was at 
noon in 2 deg. 35 min. of Piſces, and her lati- 


2 18 min. but as her diurnal mo- 
tion for that day is 12 48 in nine hours, ſhe 
vill have paſſed over 4 deg, 47.min. which added, 
to her place at noon, gives 7 h. 22 m. for her 
Rab * 51 of May, at ning at night. 
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. the 
aſcending node of the moon is in the vernal 
equinox ; for then her greateſt mieridian altitude 
vill be 5 deg. greater than that of the ſun; and 
therefore about 67 deg, ; alſo her leaſt meridian 
altitude will be 3 dep. leſs than that of the ſun, 
and therefore only 10 deg. : there will therefore 
be 57 deg. difference in the meridian altitude of 
the moon: whereas thar of thefun mne Veg: 
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N. B. When, the fame aſcending . in 
Wo autumnal equinox, then will her meridian 
altitude differ by only 37 deg«s:-bugithia-phe. 
nomenon can ſeparately happeh but once in the 
revolution of a node, or once in the ſpace of 
pinetcen years: and it will be aꝑpleaſunt enter- 
tainment to place the ſilken, line to eros the 
' ecliptic in the ei uinoctial pointo alternately; for 
eee, 2 23 deg, 
of our zenith, and at other times not more than 
"A above the n when ſhe is full ſouth. 
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theſe few years, they gratefully aſcribed to the 
goodneſs of God, not doubting that he had 
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the produce of the ground ; and there the moon 
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abſent, the winter full moons ſhine conſtandly 


2 Is e 


— 


; . Ferguſon's Aſtronomy. 
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31 40 Aid alt i $6514: Mn in 
— — is ſtill further confirines, 
"when we confider that this appearance is only pe- 
euliar th reſpect to the full moon from which 
only the farmet can derive any advantage; ſor in 
every other month, as well as the three autumn! 
ones, the moon, for ſeveral days together, vil 
vary the time ee e eee 
the autumnal months this happens 
when the moon is at the full; in el 
months, about the time of new moon; in the 
winter months, about the time of the firſt quar- 
ter; and in the aner nt about the time 
ue laſt quarter. e N i [La A] 
FL 4 10 2. CE» A LH, COLABREN © ; 6" HAIG 11 
Theſe phænomena PRA a upon the: differnt 
angles made by the horizon, and different parts 
of the moon's orbit, and that the moom can be 
full but once or twice in a year, in ene 1 
ber orbit which: riſe with 0 leaft angles. 5 


TH 
+4 4 


* 


The moon's motion is :fo nearly. i in the hos 
that wy conſider her er at preſens as "rey. 4 
. „ 5 33 WET Tx i 


5 * 
» Mi * 8 * 
n oy 
, $ & © * 
8 * 1 
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* 
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rue different parts of the:eclipricz on account 
of ira obquity to the earth's axis, make very 
different angles with the horizon as they riſe or 
fer. Thoſe parts, or ſigns, which'riſe-with the | 
Or _ is I” ar ad null fied 


"Phil iiay'be ben by lev globe toany 
conſiderable latitude, eee grits _ 
bree oeh es 71 10- 


430% ene wi T 1.40 Ys on | 


win 4 0 Wed un thoſe ſigns 
which riſe or ſet with the' ſmalleſt angles, ſhe 
will rife or fet with the leaſt difference of time, 
and with the greateſt difference in ooh. 
vhich To: or 7 5 with the PET 96. [9 


INI de re ime 
of the vernal equinox, "when the ſun is ſetting in 
the weſtern part of the horizon, the ecliptic then 
makes an angle of 62 deg. with the horizon ; but 
when the ſun is in the autumnal equinox, and 
ſetting in the Mme weſtern part of the Horizon, 
the ecliptic makes an angle but of 15 deg. "with 
the horizon; all which is evident'by A ret © 
: ſpedtion of the gobe * 4 FE WG LG . 


ms the latitude of Londe 


4 besessene 


Acin. according to the greater or leG init 
tion of the ecliptic to the huriton, fa greater ar 
leſs degree of mation of the gabe about: it's Axis 
will be neceſſary to cauſe the ſame arch of the 
ſequently the time of it : paſſage will he greater 
or leſa, in the ſame proportion; hut this will be 
deſt illuſtrated es 2 * Age 9M . 


- Therelore, anal the br, in th yemghte- 
n dhe either cha ideas Loader, 
and place of the ſun; then britig the wetna! 
equinox, of ſun's. place, to the weſtern edge of 
the horizon, and the. hour index, will, poing,pre- 
ciſcly to VI at which time, we will alſo ſyppoſe 
the moon to be in the autumpal equingx, and 
conſequently. at W e exactly, gr, the 
| tine of ps. AT e 39 39 UENO 


3 the fan, being, d- 
vanced ſcarcely one degree in the ecliptic, wilt 
. fer again very nearly at the ſaqne time as before; 
byt the moon will, at x mean rate, in the he 
of one day, paſs over 13 deg. in her orbit ; and 
therefore, vhen the ſun ſets in the ereling after 
de <quinox, the moon wilt be below the horizon, 
d the globe muſt be turned about till 13, deg- 
of Libra come e, 


\ 


1 
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and then the index will point to 7 h. 16 m. the 

time of the moon's riſing, which is an hour and 
; after ſun- ſet ſor dark night. The next day fol- 
lowing, there wil be 2+ hours, and ſo on ſuc- 
ceſſively, wich an increaſe of 14h. dark night each 
evening reſpectively, at this ſeaſon of the year; 
all owing to the very great angle which the eclip- 
tic makes with the horizon * you time mw _ 
moon's dar jel | 


ZA ES AS E2 #4? 
: : KA Fi ** ; 


On the other mad pole the ſun in the au- 
tumnal equinox, or beginning of Libra, and the 
moon oppoſite to it in the vernal equinox, then 
the globe (rectified as before) being turned atour 
till the ſun's place comes to the weſtern edge of + 
the horizon, the index will point to VI, for the 
time of his ſetting, and the riſing of the full 
moon on that equinoctial day. On the following 
day, the ſun will ſet nearly at the ſame time; but 
the moon being advanced (in the 24 hours) 13 
deg. in the eclipric; the globe muſt be turned 
about till that arch of the ecliptic ſhall aſcend - 
the horizon, which motion of the globe will be 
very little, as the ecliptic now makes fo ſmall an 
angle with the horizon, as is evident by the index, 
which now points to VI h. 17 deg. for the time 
of the moon's riſing on the ſecond day, which is 
but about i of an hour after ſun-ſer, The third 

Gg SY day, 
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day, the moon vill ziſe within fh an hour; on the 
| Fourth, within 4 of an hour, and ſo on; ſa that it 
. will be near a week before the nights will be an 
hour without illumination; and in greater lati- 
tudes, this difference will be flill greater, as you 
will cafily find by varying the caſe, in the ns c 
of this celebrated ai on an globe. 


This phenomenon varies in different years; ; 
the moon's orbit being inclined to the ecliptic 
about 5 degrees, and the line of the nodes con- 
tinually moving retrograde, the inclination of her 
orbit to the equator will be greater at ſome ſea- 
ſons than it is at others, which prevents her 
haſtening to the northward, or deſcending ſouth- 
vard, in each revolution, with an equal pace. 


00 THE GLOBLS: | 
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Aude 1 e TRE water in hs *%s 
and rivers, by which they are bene bee to 
rife ANI oy 8 | | 


* 


: » We us FX 


The general caſe of the ride was FER 
by Sir Iſaac Newton, and are deduced from the 
following Seen. 8 


ti +&; | 


\:-4 . 


we find, by conſtant aer tharalt bodies 
fall down to the earth's furface in perpendicular 
lines; and as lines perpendicular to the ſurface of 

a ſphere, tend towards the center, therefore the 
lines, along which all heavy bodies fall, are di- 
n 1 885 the aun $ orn. 8 


As theſe bodies r fall 15 their 0 
or gravity, the law by which "Wey wt is called 
the law of e 


3 


Now as a by. their gravity, fall towards 
the earth, it has not been deemed improper to 


ſay, that the earth attracts thoſe bodies, and | 
therefore, in reſpect to the earth, the word GRA“ 
VITATION and ATTRACTION may be uſed one for 
the other, as by them is meant no more than the 

, Gg2 power, 
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power, or law, * ae tend dona it's 
19850 


2 
> 


ofen mt 

2 " Ieac 8 by A ſagacity ular to 
himſelf, Jiſcovered from many obſervations 
that this law of gravitation or attraction was uni. 
verſally diffuſed throughout the ſolar ſyſtem, and 
that the. regular motions obſerved among the 
heavenly. bodies, were governed by the ſame 
principle; ſo that the earth and moon attracted 
each other, and were both of them attracted by 
the ſun. Alſo, that che force of attraction, ex- 
erted by theſe bodies one on the other, was leſs 
as the diſtance increaſed, in proportion to the 
ſquares of thoſe diſtances. mo 


It is not in the action of the celeſtial bodies 
only, that the effects of this mutual gravitation is 
viſible ; we are now to explain by the ſame prin- 
ciple, a phenomenon which. paſſes upon the 
earth, the ebbing and flowing of the ſea. 


As the earth is attracted by the ſun and moon, 
the parts of the earth will not gravitate towards 


it's center in the ſame manner as if thoſe parts 
N not affected by ſuch attractions. 5 


t 


W 
* ; * 


U 


0 4 . . * * 
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1 ĩs alſo very evident; that if the earch was en- 
tirely free from theſe actions of the ſun and moon, 
the oceans would then be equally attracted: to- 
wards it's center, on all ſides, by the force of gra- 
vity, and would continue in vg , 
ruhe een wet 185 


y | F * 
eh en Tak CURE] 112 ö I 


ds dhe been is tio been ts wo, 
it muſt needs rife higher in thoſe places where 
the ſun and moon diminiſh it's gravity, or where 
the tun punt work have the 3 ome COS. 


As the ited of gravity will be moſt diminiſhed 
in thoſe parts of the earth where her attraction is 
moſt powerful, (which muſt be when ſhe is near- 
eſt to, or in the zenith of thoſe places) the waters 
in thoſe parts will riſe higheſt, and it will be FULL 
* or 1 in ſuch e 


The parts of the earth direct des the moon, 
and thoſe alſo in their nadir, or ſuch places as 
are diametrically oppoſite to thoſe where the 
moon is in the zenith, will have; the flood, or 
hi gh water, at the ſame time. 


For either . of the earth would gra- 
vitate equally towards the other half, were they 
free from all external attraction, 


683 But 


%% brsestr ru An us 


But by the ation of the moon, the gravitation 


. of eee meg. 
ed, e eee ee 


"low in the da; nent © moon, he 
parts in the zenith being moſt  attraQed, and 
thereby their gravitation towards the earth's cen- 
ter duniniſned; confequently, the waters in thoſe 
parts ABR ED Lite u . N 


1 But In the hemiſphere which is moſt remote 
from the moon, the nadir, or moſt diſtant point, 
being leſs attracted. by the moon than thoſe parts 
that are nearer, is is left as it were behind, while 
all the other parts, and even the center itſelf, is 
more attraQed towards ber, and conſequently the 
water will be higher in that point than at any 
other 18 of this ag $0090 


' The two Wh peine vin 9 behighel 


in their ref] pective hemiſpheres; the one being 
really more ELEVATED, the other leſs DEPRESSED 


by the moon's attraction, than the adjacent parts. 


© Thoſe 
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wet h pet 4 the earth where the moon appears 

in the horizon, of is 90 degrees diſtant from 
the zenith and nadir, wk have the ws or 
loweſt waters. e 


Wu as the waters in the ahh ati nadir riſe 
at the ſame time, the waters in their neighbour- 
hood will preſs towards thoſe places, to maintain 
the equilibrium; and to ſupply the place of theſe, 
others will move the ſume way, and ſo on to 
places at 90 degrees diſtant from the zenith 5 , 
nadit ; conſequently, in thoſe places where the 
moon appears in the horizon, the waters will 
have more liberty to deſcend towards the center, 


and therefore in thoſe yo they will be the 
| loweſt, 


Hence it plainly follows, that if the ſurface of 
the earth was covered with water, it would put 
on a ſpheroidal, or egg-like figure, whoſe longeſt 
diameter would paſs through the place where the 
moon is vertical, and the ſhorteſt diameter will 
be where ſhe is in the horizon ; and as the moon 
apparently ſhifted her poſition from eaſt to weſt, 
in going round the earth every day, the longer 
diameter of the ſpheroid would follow her mo- 
tion, and thus occaſion the two floods and ebbs 


 Gg4 obſervable 
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obſervable in about every 25 kein which 3 is 
about the length of a lunar en 8 Fs Ys. 
1 in any. jo 5 greater the moon's 

mid-day altitude, the greater the evening tides 


will be; and the greater the midnight. un 
the e the tides will be. ; 


Tue MAS cyening and the winter morning 
tides are higheſt, becauſe the moon's ſummer 
altitude, and winter depreſſion, are greateſt, 
eſpecially when ber declination is north in ſum- 
mer, and ſoutÞpin | e. | 


The time of bigh water is not 3 at the 
time of the moon's coming to the meridian, 
but about an hour or two after. 


For the moon acts with ſome force after ſhe has 
paſt the meridian, and thereby adds to the libra- 
tion, or waving motion, which ſhe has put the 
water into, whilſt ſhe was in the meridian, in the 
| fame manner as a ſmall force applied upwards 
to a ball already 1 raiſed to ſome height, will raiſe 
it ſtill higher. | 


\ 8 © 


, A 
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rs greater. 8 twice every 
month, that is, about the times of new and 
ee 1 0 are called SPRING TIDES: 1. 


932 4 1 #* «LE 


. times * eee _ 
moon concur. to draw in the ſame right line; 
and therefore the ſea muſt be moſt elevated. In 
conjunction, or when the ſun and moon are on 
the ſame ſide of the earth, they both conſpire to 
raiſe the water in the zenith, and conſequently in 
the nadir. And when the ſun and moon are in 
oppoſition, that is, when the earth is between 
them, whilſt one makes high water in the zenith 
and nadir, the other Fd ane _ nadir 
and zenith, el ee e ee 


The tides are leſs than ordinary twice every 
month, that is, about the times of the firſt and 
aſt quarters of the moon; and Uni] are © called 
rar ie 128708 
2 Becauſe in theſe quarters of the moon, the ſun 
raiſes the waters where the moon depreſſes it; 
and depreſſes where the moon raiſes; ſo that the 
tides are made only by the difference of their 
actions. | | 


* 4 . 
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It is to be obſerved, that the ſpring tides do 
not happen directiy on the new and full moons, 
but rather a day or two after, when the action of 
the ſun and moon have conſpired together for a 
conſiderable" time. In like manner, the ny 
tides Yo A age nne, be 8 

15 

t: [When PO e oh nee 
approach to the earth, the tides increaſe more in 
20 fame circumſtances en at other times. 


Mae a ee ee e 
. - the equinoxes, that is, about the latter end of 
March and September, than at any other 
times of the 4 . and the neap tides are the 
leſs. e e 


Becauſe the longer diameter of the ſpheroid 
will at that time be in the earth's equator, and 
conſequently deſcribe a great circle of the earth, 
by whoſe diurnal rotation the floods will move 
ſwiſter, as deſcribing a great cirele in the ſame 
time they uſed to deſcribe a leſſer circle, by 
which means the waters will be thrown more 
forcibly againſt the ſhores, and muſt riſe higher. 


. The circumſtances hitherto explained, would 
always take place, if the whole ſurface. of the 


1 
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# 


e fn; but ber it is not ſo, | 
there ariſe a great many different appearances,” 
which require particular ſolutions, in which the 
ſituation of the ſhores, & c. muſt be conſidered; 
for theſe, we muſt refer the reader to e 
Wr ana N hi 30 das e 


_ Small inland: PS heck, as ca Maas 
and the Bahkic, are but little ſubject to tides; be · 
cauſe the action of the ſun and moon is nearly 
equal at both extremities. In very high latitudes 
the tides are alſo very inconſiderable; ſor the ſun 
and moon always acting near the equator, and 
raiſing the water towards the torrid zone, the 
neighbourhood of the poles muſt be conſequently 
deprived of thoſe waters, and the 1 5 muft 6255 
vob 77 e e | ' : 


denon n Ts 


13 . the moon is uponat any 
place when it is flood, or high water; and 
thence the high tide for any day of men moon's 
age at the ſame wie tes 

| Having iid the hour and minute of high 

water, about the time of new or full moon, rectify 

the globe to the latitude and ſun's place; find the 
moon s 
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moon's place and latitude in an ephemeris; to 
which ſet the artificial moon,“ and ſcrew the qua- 
d rant of altitude in the zenith; turn the globe till 
the horary index points to the time of flood, and 
hay the quadrant over the center of the artificial 
moon, and it will cut the horizon in the point of 
the compaſs upon which the moon was, and the 
degrees on the horizon contained between the 
ſtrong braſs meridian and the quadrant, win be 
dhe moon 's azimuth e DD OR” | 


| To home. time e of high water at the fame ple. 


| Retif the aki fo a utitude Bo zenith, 
find the moon's place by an ephemeris for the 
given day of her age, or day of the month, and 
ſet the artificial moon to that place in the zodiac; 
put the quadrant of altitude to the azimuth before 
found, and turn the globe till the artificial moon 
is under it's graduated edge, and the horary index 
will point to the time of the 1 on e it 8 5 
W e 


Tux 


„Or patch repreſenting the bow. 


Tus Us or Tus CELESTIAL Gros iu Tus 
Sol urion or PROBLEMS ASCERTAINING THE 

© PLACES AND VISIBLE Morrous OR aur 
N or W 


5 | There 1 another 4 08 ſpecies of planets, 
which are called comets, Theſe move round 
the ſun in regular and ſtated periods of times, in 
the ſame manner, and from the ſame cauſe, as 
the reſt of the planets do; that is, by a centri- 
petal force, every where decreaſing as the ſquares 
of the diſtances increaſe, which is the general law 
of the whole planetary ſyſtem. But this centri- 
petal force in the comets being compounded with 
the projectile force, in a very different-ratio from 

that which is found in the planets, cauſes their 
orbits to be much more ecliptical than thoſe of 
the e which are almoſt circular. 


But 1 may be the ſorm of a comet 3 
orbit i in reality, their geocentric motions, or the 
apparent paths which they deſcribe in the heavens 

among the. fixed ſtars, will always be circular, 
and therefore may be ſhewn upon the ſurface of a 
celeſtial globe, as well as the motions and places 
of any of the reſt of the * 


Martin's Deſcription and Uſe of the Globes. 
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- ya 'Togive an inſtance-of the cometary praxis on 
the globe, we ſhall chuſe that comet, for the ſub. 
ject of theſe problems, which made it's appear. 

ance at Boſton, in New England, in the months 
of October and November, 1758, in it's return to 
the ſun; after which, it approached ſo near the 
fon, as to fet'#ELIACALLY, or to be loft in it's 
beams for fome time, ſpent in paſling the peri- 
'Helion. Then afterwards emerging from the 
ſolar rays, it appeared retrograde in it's courſe 
from the ſun towards the latter end of March, 
and ſo continued the whole month of April, and 
part of May, in the Weſt Indies, particularly in 
Jamaica, whoſe latitude rendered it viſible in 
thoſe parts, when it was, for the greateſt part of 
the time, invifible to us, by reaſon of it' 5 AA 

ern courſe Fg me "I 4 


When two 8 can be made of a 
comet, it will be very eaſy to aſſign it's courſe, 
or mark it eut upon the ſurface of the celeſtial 
globe. Theſe, with regard to the above-men- 
tioned comet, we have, and they are ſufficient for 
our purpoſe in regard to the Hlution of er 
OT 2 

By an obſervation made at Jamaica on the 


31 iſt of March, 17 594 at * 0 e in the morning. 
| . 


. 
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1 1 
the.comet's altitude was found to be an deg,” 50 
min. and it's aaimuth 71 deg. ſouth-eaſt. From 
hence we ſhall find it's place on the 920 af 
* ee ee A 


FITY 


"PROBLEM / , 15 


To MY hk globe for: the, atitude « the ee 
of obſervation in Jamaica, .. latitude 17 deg. 
30 min. and given day of the mh, Viz. 


March 31A, . FA * 


Elevate he — * to 12.oeg > 
above the horizon, then fix the quadrant of alti- 
tude to the ſame degree in the meridian, or 
zenith- point. Again, the ſun's place for the 3 iſt 
of March is in 10 deg. 34 min. V., which. bring 
to the meridian, and ſet the hour index at XII. 
and the globe is then reCtified n ee 
time of obſer vation. 


3 1 13 o 4 ? 


"4. 30 
1 


4 2 1 ©. . 
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PROBLEM LXXV F943 20 
* 6 * 11 hy \ * * 
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BE + HOT nm PERS SB, , EEE 

To determine the place of a comet on the ſurface 
of the celeſtial globe from it's given altitude, 
azimuth, hour of the day, and latitude of the 
place. : 


The 
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Tube globe being reAified io che given ketitode. 5 
und day of the month, turn it about towards the 
e uſt, till the hour index points to the given time, 
viz. Vo'clock in the morning; then bring the 
quadrant of altitude to interſeQ the horizon in 
71 deg. the given azimuth in the ſouth-caſt 
quarter; then, under 22 deg, 50 min. the given 
altitude, you will find the comet's place, where 


| ech e Coorg . eg rd 7 1 
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3 the Re) wage declination, Fond 
u an of on gar 


1 7 


In 6 circles of tate contained in the 


S 
FA 


Z zodiac, you will find the latitude of the comet 


to be about 30 deg. 30 min. from the ecliptic; ' 
_ the ſame circle of latitude reduces it's place to 
the ecliptic in 26 deg. 30 min. of x, which is 
it's longitude ſought. Then bring the cometary 
patch to the brazen meridian, and it's declination 
will be ſhewn to be 9 deg. 15 min. ſouth. At 
the' ſame and it's right eren will _ 27 


_ 30 min. 
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To ew the time of the comet 8 rifiog, 2 | 
ſetting, and amplitude, ork the day of the * | 


ſervation x Jampicy e 6 


* Is 7 4 : br % 
3 P73 : f | | 


. - 
. 7 24 


0 the piace of. the comet into the — 4 — 


ſemi-circle of the horizon, (the globe being 


rectified as directed) the index will point to III 


hours 15 min. which is the time of it's riſing i in 
the morning at Jamaica, the amplitude 10 deg. 


very nearly, . to the ſouth. . The patch being 5 
brought to the meridian, the index points to IX 


o'clock 10 min. for the time of culminating, or 


being ſouth to them. Laſtly, bring the patch to 
touch the weſtern meridian, and the index will 
point to III in the aſternoon, for the time of the 
comet's ſetting; ith 10 deg. of We n * 


ll ow.” R/ 
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From: a: 3 ae e e to god "iy 4 
time of it's riſing in the horizon of en ? 


on the js n of March, 475. 
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RN: eee es ra. 
7 Habe tor the given latitude of London, and bring 
the cometary patch to the eaſtern horizon, and 
the index points to he 45 min. for the 
time of it's riſing at London, with about 14 deg. 
of ſouth amplitude; thin turn the patch to the 
| weſtern horizon, and the index TAS to. = h. 
. e e ; 
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; N. B. Fabel ends it de Us G rol 
ſoon enough that morning to have been obſerved 
at London, had the heavens been clear, and the 

aſtronomers been þefore-hand ny ho ſuch q 
compared e | FE. 
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; -'To n abt es ofthe ketone; 

ftom an obſervation made at London on the 
e's day of May, ban, 

On the 6th epa Mey, 1789. at x at cnight 

the place of the comet was obſerved, and 

it's «diſtance meaſured © with a+ micrometer, 

from two fixed ſtars marked: and vinthe con- 


ſtellation called urpRA, and it's altitude was 
found to be 16 deg. and it's azimuth 37 deg. 
ound weſt, from whengs it's place on the 

1 5 ſurface 


in prob. e e — 
on, you will have the two places of the comet on 
the ſurface of the globe, eee eee ue n 
a e e ASI 
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3 10 affen it's 
apparent path _—_ the n * 
— heavens.” | 
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The two plices r 
by the obſervations on the 31ſt of March, 1758, 
and the 6th of May following, and denoted by 
two patches reſpectively, you muſt move the 
globe up and doyn, in the notches of the hori- 
on, till ſuch time you bring both the patches 
to coincide with the horizon; then will the arch 
of the horizon between the two patches ſhew, 
ppon the celeſtial globe, the apparent place of 
the comet in the interval between the two abſer- 
vations, and by drawing a line with a black 
lead pencil along by the frame of the horizon, it's 
path on the ſurface of the globe will be delineated, - 
as required. And here it may be obſerved, that 
it's apparent path lay through the following 
ben canſtellations, viz. the tail of Capricorn, 
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For this 88 you need only redtify the 
n for the giver latitude of London, and bri 
the cometary patch to the eaſtern horizon, = 
the index points 10 III hours, 45 min. for the 
time of it's riſing at London, with about 14 deg. 
of ſouth amplitude; then turn the patch to the 
weſtern horizon, and the index 10 80 an h. 
1 223 1 min. + rime e of ir $ — | 


* 


N. B. "From dener it . ths cn roſe 
"Gi enough that morning to have been obſerved 
at London, had the heavens been clear, and the 
aſtronomers been before-hand apprized of ſuch 4 
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from an obſervation made at London on * 
6th day of May, en 
on the 6th Sana May, 1759, at X at night, 

580 place of the comet was obſerved, and 

it's diſtance meaſured with a micrometer, 

from two fixed ſtars marked n and v in the con- 
ſtellation called 'UYDRA,. and it's altitude was 
found to be 16 deg. and it's azimuth 37 deg- 
ound. weſt, from whence it's place on the 

| ſurface 


e „zus cli. ax; | 


— globe is exacÞ REO" I 
in prob, laxvi. and having ſtuck a patch there- 
on, you will have the two places of the comet on 
the ſurface of the globe, eee Aae 
r e ind. 
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From moo given places of a comer, 20 affen it's 


Pe eee eee 
| heavens. 15 


The two places of the comet bride determined 
by the obſervations on the ziſt of March, 1758, 
and the 6th of May following, and denoted by - 
two patches reſpectively, you muſt move the 
globe up and down, in the notches of the hori- 
20n, till ſuch time you bring both the patches 
to coincide with the horizon: then will the arch 
of the horizon between the two patches ſhew, 
upon the celeſtial globe, the apparent place of 
the comet in the interval between the two obſer- 
vations, and by drawing a line with a black 
lead pencil along by the frame of the horizon, it's 
path on the ſurface of the globe will be delineated, - 
as required. And here it may be obſerved, that 
it's apparent path lay through the following - 
n canſtellations, viz. the tail of Capricorn, 
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| the'tail of Piſces Auſtralis, by the head of 1 
the neck and body of Pavo, —— 
Apus, below Triangulum Auſtrale, above Muſ- 
cx, by the lowermoſt of the Croſiers, acroſs the 
hind legs and through the tail of Centaurus, from 
thence between the two ſtars in the back of the 
Hydra before-nzentioried; after this, it paſſed on 
to Sextans Uranie, and the to the ecliptic near 
Cor Leonis ; ſoon after which, it en, => 
Ne n m 
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Foren 1 
Fa eſtimate the apparent "loci 1 a comet, 
two * thereof being given by obſervation 


* one place be aſcertained near the begin- 
nin * of it's appearance, and the other towards 
the end thereof; then bring theſe two places to 
2 the horizon, and count the number of degrees 
interſected between chem, which being the ſpace 
apparently deſcribed i ina given time, will be the 
velocity required. Thus, in the caſe of bo 
above-mentioned comet, you will find, that 0 
deſcribed more than I 50 deg. in the pace of * 
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To. repreſent, the general phenomena of the. 
comet, for any 2 , 5 
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N "Bring: the) viſible path & ihe comet io coiticide 
with the horizon, by. which it was drawn, and 
then obſerve what degree of the meridianis ĩ in the 
north poift of the Horizon, which, in the caſe 
of the foregoing comet, will be the 23 deg. 
This will ſhew the greateſt latitude in which the 
whole path can be viſible in any latitude leſs than 
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this, as that of Jamaica; where, for inſtance, _ 


me moſt ſouthern part of the path will be ele- 


vated more than p deg. above the hotizon, and 


the comet viſible through the whole time of it's 


apparition : But redtifying the globe for the lati- 


tude of London, the path of the ſaid comet will 
be for the moſt part inviſible, or below the hori- 
20; and therefore it could not have been ſeen in 


our latitude, but at times very near the begin- 


ning and end of it's appearance 3 becauſe, by 
bringing the comet's path on one part to the 


ſouth point of the horizon, it will immediately = 
appear in what part the comet ceaſes to be viſible; 


n 1 pt e ere ee 
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the point, it vill, ae in was jar i will 
again become ville. 


1 ie manner 1 probler is r8ating 
to any other comets be performed; and thus the 
paths df the ſeveral comets, which have hitherto 
been obferved, may be ſeverally delineited on 
the celeſtial globe, and their various phenomena 
in in different latirudes be theteby enn. 
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The uſe of the celeſiial globe law Inflance 
| more conſpicuous; than in the problems concern- 
ing the fixed ſtars. Among many other advan- 
tages, it will, if joined with obſervations on the 
ſtars themſelves, render the practice and 'theory 
of other problems eaſy and clear to the pupil, 
and vaſtly facilitate his progreſs * ns" 
En 
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The vlog as much ſtadded over with 
 flars in the day, as in the night; only that they 
| are ther: rendered inviſible to us, by the brightneſs | 
of the ſolar rays. But when this glorious Jumi- 
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qpitunly' is apple 


oo Fs. horizon, ſtars of the firſt 
 thagriltatls becbine vilhle'? whed he is 14 de- 
grees, choſe of che ſecond are ſeen': when 14 de- 
grees, ſtars of the third magnitude appear: 


when x5 degtees, thoſe of the fourth. preſent 


themſelves to view: when he is deſcended about 
18 degrees; the ſiars of the fifth and fixth mag - 
nitude, and thoſe that are ſtill ſmaller, become 
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the point in which. the meridian interſects the 


equinoctial is it's right aſcenſion... For inſtance; 


let Artturus be the given ſtar; this brought to 
the meridian will be ſeen under the 20 deg. 20 
min. which is therefore it's declination, 5 
and it's right aſcenſion is, at the ſame time, 
ſhewn in the equinoctial to be 211 deg, Again, 
another inſtance may be Sirius, the dog-ſtar, 
F 


* under which it lies is it's declination : and 


which, 
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| Which, brought to the meridian, vill be ſeen 
unser the 16 deg. 30 min. hich is his declina. 


= : n ſouth and it's right aſcenſioi ee 
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* the 5 of the ecliptic to the marian 

over which fix the quadrant of altitude, and 

holding the globe very ſteady, move the quadrant | 

to lie over the given ſtar, and it will cut that 

| degree in the edge, as will ſhew it's latitude from 

7 OE the ecliptic,” and in the ecliptic the quadrant will 
cut that degree which is called it's place xzpu- 
CED TO THE ECLIPTIC, or longitude, from the 
beginning ef Aries. Thus, with reſpett to Arc. 

turus, it's latitude from the ecliptic will be found 

30 deg.” 30 min. and it's longitude in theeclip- 

tic about 20 deg. 20 min. of Libra. This pro- 
blem regards either pole, as the ſtars are in the 

5 W or en n b 
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The right aſcenſion; and Ae of a ſtar 
being W to Ang: „ cm 
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run the globe ell the meridian cut . 
noial in the degree of right aſcenſion. Thus, 
for example; . ſuppoſe the right. aſcenſion. of 
Aldebaran to be 65 deg. 30 m. and it's declina- 
tion to be 16 deg. north, then turn the globe 
about till the. meridian cuts che equinoctial 
in 65 deg. 30 min. and under the 16 deg; of 
the meridian, on the northern part, you will 
obſerve - the ſtar Aldeharnn, ue. yy ;bull's. 
eye. 3 
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T PROBLEM n. 


To find 155 time of * 1 Saile . | 
amplitude, &c. of; any ſtar, in a given ws 7 
A and XY of * Ie 5 3 
The precept is the 8 as in oy 1 8 * | 

the ſun. Thus, let it be _ required to know at... 

what time the Pleiades (or ſeven ſtars) riſe, ſet, x 

&c. in the latitude of London, on the 1 ith of 15 

May. The globe being rectified for the, latitude, 

of London, and the ſun's place for the Aten day, 2 

turn 
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 turnthe globe. about till you bring che Pleiades 
into the eaſtern ſemi circle of the horizon, and 
| the inden will point to 34 deg; 45 min. the time 


of their riſing in the mornin ming. Then bring the 
faid cluſter of ſtars to the meridian, and the in- 
den vill point to about f after RF fot the time of 


| their culminating, or being upon the tneridian. 


_- Laſtly, bring them into the weſtern horizon, and 
the index will point to VIII 46 tit, which 
| ſhewsthetime of their ſetting in che evening of 
that Gay. It will alfo appear, on the circle of 
the horizon, that they riſe with about 30 deg. of 
amplitude to the north, and ſet with ts fame 
| ä 1 7 


PROBLEM. 1 In. 


To find what 3 any remarkable far, 
"ow * the firmed, belongs to... 


"Being the ſun's | place i "he eliptic for that 
day to the ſtrong braſs meridian, and ſet the ho- 
 rary index to that XII which is moſt elevated; 
the celeſtial globe being rectified to the latitude, 

torm the globe till it points to the preſent hour ; 

and by the help of the mariner's compaſs, and 

attending to the variation, which at London is 
4 e,, 


or uE Olo. 


nee, weſtward,” ſer 
the north pole of the ou ves "—_ 
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elf in the center) which directs towards that | 
point in che keavens, be- | 
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At the ſame time, 5 


the heavens with thoſe upon the globe, the other 
ſtars and their conſtellations may be eafily known ; 


whereby you will be enabled, any ſtar-light night, 


to point out many of thoſe ſtars called correſ- 
MO ee ee OT 
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 Refify the globe to the leitende ade e 


artificial ſun to his place in the ecliptic ; bring 


its center under the ſtrong braſs meridian, and 


ſet the horary index to XII; then turn the globe 
till the ſtar comes to the meridian, and the ho- 


rary index will point upon the equator tothe hour 
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artificial ſun is under that graduated ſide of the 
braſs meridian, which js below. ih elevated pole, 
all thoſe lars, Which are then cur, by that ſide; of 
the meridian wee he ud, al, will. ys th 


meridian -.at midnight. 
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To find on what day of the ; year, any ſtar peſſe 
ile meridian ar an; propaſed hour of che night. 
tte 24) 00 öl nv 0 0 
Bring the ſtar to the ſtrong braſs meridian, 
and ſer the horary index 40, the prepoſed hour ; 
then turn the globe till the index points to XII, 
and that degree on the ecliptic; which is cut. by 
the meridian, is the Jun's s place, againſt which, 
in the calendar upon the broad paper circle, is 
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We ſhall ſolve this problem for thei time of as 
autyrnal eguinox z becauſe. ihat interſeion of 
the equator and ecliptic will. be directly under the 
depreſſed part of the meridian about midnight 
and then che oppolite. interſection will be elevated 
above the horizon; and alſo becauſe. our ſirſt 
1 upon the terreſtrial globe paſſing 

ough London, and. the firſt. point of Aries, 
"I TEC globes are reQified to the latitude gf 
London, and to the ſun's place, and the firſt 
point of Aries is brought under the graduated | 
ſide of each of their meridians, we ſhall have the 
correſponding ſace of the heavens and the earth 
repreſented, as they are with reſpect to cach 
other at that. time, and the principal circles. of 
Fat ſpare 1 will ed wk each is 
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The . is. ita diſtinguiſhed, 115 we begin 
from the north and count weſtward, by the fol- 
lowing conſtellations; the hounds and waiſt gf 
Bootes, the northern crown, the head of Her- 
cules, the fade of e and Sobi- 
N e eſki's 
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elki-s ſhield; it paſſes a little below the feet of 
Antinous, and through thoſe of Capricom, 
chrongh the Sculptor's frame,  Eridanus, the fr 
| Rigell in Orion's foot, the head of Monoceros, 
| the crab, the head of the lirtle lion, and lover 
e e apo 


" . ** 
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noftial colure, which" paſſes through the far 
marked Fin the tail of the little bear, under the 
north pole, the pole ſtur, one of the ſtars in the 
back of Cafſiopea's chair marked 8, the head of | 
Andromeda, the bright tar in the wing of Pe. 


guſus marked V, and the Ertremity bad 
nnn „„ . 


2 0 
a r 


hat part of e ee „ 
Abe horizon, is diſtinguiſhed on the weſtern fide 
by the northern part of Sobieſkis ſhield, the 
Shoulder of Antinois, the head and veſſel of 
Aquarius, the belly of the weſtern fiſh in Piſces; 
it paſſes through the head of the whale, and 2 
bright ſtar marked Jin'the corner of his mouth, 
and thence through the ſtar marked Fin the belt 


of Orion, at that Ang # near the e ** af me 
| Horizon, | CO SEED) g 


That 


Lak 


* th 4 
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o eus Sega. - 4s 


That half of the lng which is bs 


| {be honda (if pe bean from the n a, 


preſents to our view Capricornus, Aquarius, Piſ- 


ces, Aries, Taurus, Gemini, and ee = 


baker "REN 


"The ſolftitial te bm the . fie, | 
paſſes through Cerberus, and the hand of Her- 
cules, thence by the weſtern fide of the conſtel. - 
lation Lyra, and through the dragon's head and 


body, through the pole point under the polar ſtar, 
to the caſt of Auriga, through the ſtar marked » 


in the foot of Caſtor, N 


elbow of Orion. x 


The northern polar circle, 508 0 chat part of f 


the meridian under the elevated pole, advancing 
towards the weſt, paſſes through the ſhoulder of 
the great bear, thence a little to the north of the 
ſtar marked & in the dragon's tail, the great 


knot of the dragon, the middle of the body of | 


Cepheus, the northern part of Caſſiopea, and 


baſe of her throne, through ne 
and the dae, 25 


The tropic of Cancer, from the EPI, * 
of the horizon, paſſes under the arm of Hercu- 
les, under the vulture, through the gooſe and 
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unde the W N wing of the 
fwan, unde the far called Shear; marked g in 


Pegaſus, under che head of Andromeds, and 


chrough the ſtar marked © in the fiſh of che con- 
 ſtellation Piſces, above the bright ſtar in the head 


— 


of the ram marked #, through. the Pleiades, be- 


tween the horns of the bull, and chrough « group 


of ft; ſtars at the foot of Caſtor, thence above a ſtar 


: marked 3, between Caſtor and Pollux, and ſo 


through a part of the conſtellation Cancer, where 
it diſappears by e N FRM _—_ {ng of 


To horizon, 


The tropic 45 + On: poll the OM 


5 fide o of the horizon, paſſes through the belly, and 


under the tail of Capricorn, thence under Aqua- 
rius, through a ſtar in Eridanus marked c, thence 


under the belly of the whale, through the baſe of 


the chemical furnace, whence it goes under the 


| hare at the feet of Orion, bring ey depreſſed 
| under the horizon. 4 7 
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ue jo ee circles; or circles of per- | 
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| "ran | 
globe, as well as the largeſt citcle of declination 
on the celeſtial, that appears entire above the 
horizon of any place in north latitude; was called 
„ eee r g got 


18 2 


eee eee 9 
the celeſtial ſphere, ate contained all choſe fiars I 
which never ſet at that place, and ſeem to us, by " 
the rotative motion of the earth, to be perpetually 5 * 
auen amen neee diba in circles paral- = 


lel nnn 


immun 
and the largeſt parallel of declination on the ce- 
leſtial globe, which is entirely hid below the 
horizon of any place, was by the ancients called 
e mae perpetual occul- 


This ei 93 chica all the 1 which never 
riſe in that place to an inhabitant of the northern 
hemiſphere, dut are . below the ho- 


rizon, 
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Alt arctic cirales touch: their horizons: 8 

north point, and. all antardtic circles tauch their 
horizons in the ſouth point; which point, inthe 
terreſtrial and celeſtial ſpheres, is the interſection 
of. the: meridian and enn 1 b. #& © ol 


225 15 Si of e 191 limb 9 50 1 
If the elevation e eee de | 
moſt elevated part either of the arctic or antarctic 


circle. will be in _ zenith of rr Late 


dee eee cebariatrbs ane . 
the zenith point of thoſe places will fall Without 
it's arctic Wa r 4g af aue it will 
| fall. GER. x 145 9199 0 erer. ann 
l EFT nt ten ee OT bur 

Therefore, the nearer e ac to the 
equator, the leſſer will it's 'ar&ic and antarctic 
circles be; and on the cuntrary, the fartbher any 
place is from the n the greater _ are. 
ho: rig, Md viola ARA lg „ % 

15 Ee ans J 1 n 

a eue Wen may be bonſſdered 
as both an arctic and antarctic circle, becauſe it 
Pang s is COIN with that of the horizon. 

74 Ut euleni 51511 aft 

But at the 3 (rannte 
there is neither arctic nor antarctic circle. 


„ | They 
4&5 | 


e who live under the northern FR circle, 
have the tropic of Cancer for their arctic, and 


W of Capticort' for welt anitardic circle. Eu. 


165,730: "Fr Rr by * C636 


And they who live on thi tropic, have one 


of the polar circles for their bros. abr a IO 
ood roared e 


„ 
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wn ade, theſe ene n within or 
without the tropics, their diſtance fromthe zenith 
of any place is ever equal to the difference be- 
tween the.pole's elevation, and that of . * 
nnn od that ex 


BY * 


Foam what bh gad, it is bum there may 


be as many arctic and antarctic circles, as there 


are individual points upon any one meridian, * 
teen _ and n n of the earth. 


Many e Oy miſtaken theſe aitithble 


circles, and have given their names to the immu- 
table polar circles, which laſt are arctic and an- 


tarctic cireles, in BO EW worn on! y, as bas 
| om E 


| ny © ' FROBLEM 
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1 2 n ven. 


* find the chrele, or ; parallel of. Ka] 
apparition, RRC IRON a: ©. 


TM latitude. V 
| 


3255 N hal aa to — dh a 


the place, and turning it round on it's axis, it 
wilt be immediately evident, that the circle of 
perpetual apparition is that parallel of declination 
which is equal to the complement af the given 
jatitude northward ; and ſor the perpetual occul- 


m ration, it is the ſame parallel ſputh ward, that is 


9 
6 5-0 


to ſay, in other words, alltheſe ſtars, whoſe de- 
clinations exeeed the co-latitude, will always be 
_ viſible, or above the horizorr; and all thoſe in the 
oppoſite hemiſphere, whoſe declination, mw 
the e never riſe above rien, 


: For instance: im the linde of. London 51 

deg. 30 min. whoſe co-latitude is 38 deg. 30 
min. gives the parallels deſired; ſor all thoſe 
ſtars whichare within the circle, touards the north 
pole, never deſcend below our horizon; ; and, alt 
thoſe ſtars which are within the fame circle, about 
the ſouth pole, can never be ſeen in the latitude 
of London, as they never aſcend above it's 


horizon, | ) 


5 ned 
jon 3 


ws 


ee ee eee go. 


Cie "PROBLEM. xc. 


To repreſs the face of the heaveno00 . 


n _— ——" | 


Rech the globe to the given e of the 


place and day of the wonth, ſerring it due north 


and ſouth by the needle; then turn the globe on 
it's axis till the index points to the given hour of 
the night ; then all the upper hemiſphere of the 


globe will repreſent the viſible face of the hea- | 


vens for that time, by which ir will be eaſity ſeen 
what conſtellations and ſtars of note are then 
aboye our horizon, and what poſition they = 
with reſpect to the points of the compaſs. 
this caſe, ſuppoſing the eye was placed in a 
center of the globe, and holes were pierced 
through the centers of the ſtars on it's ſurface, 
the eye would perceive through thoſe holes the 
various correſponding fars in the firmament ; 
and hence it would be eaſy to know the various 
conſtellations at ſight, and to be able 970 call all 
the ſtars by their names, nas if 
The uſe of this problem is moſt extenſive, 'ag 
it acquaints us at any time with the apparent 
face or ſtate of the heavens, and ſhews us when 
the moon, or any of the planets, may be ſeen, or 
Ii 7 . 


4 


\ 


W 


925 | 
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fit for exarnination by the teleſcope. We gan 10 
from hence learn, when any of thoſe curious and 
vonderful objects, called NEBULOUS STARS; may 
be ſeen, and which ſtrike the mind of the ob- 
' ſerver with amazement, by preſenting to his 


view an indefinite number of the ſmalleſt fixed 


ſtars through the beg _ ee hit 
teleſcope...” t AG. SOT SH yt amo 


* 


| From hence alſo, the - of that. very ex- 
| rraordinary phænomenon called the. GALAXY, Or 
MILKY WAY, is at any time POR 


" Thi is ſingle 8 tharefare,/ n may = con- 
fidered. in itſelf as ſufficient to recommend the 
uſe of the celeſtial globe, to eyery ſtudious and 
rational mind, as the moſt neceſſary. ume, 
1 his e n 16 2751 bY 


PR 0 5 LB * e 


1 


Ke ; 


"The latitude of the place, the un! 8 gf and 
the hour of the night being given, to find. the 
azimuth and altitude of any known fixed ſtar. 


© Recify! the globe for the walli of the "1 
and the ſun's place; turn the globe till the hour 
Index eg to FRE given hour; e then fix the qua- 

| ns frant 


a. ON „ E GLOBES. 2 803 


a in the zenith; and lay it oer 
the Ae Ni ſhew heaititadopad azimuth 
of it. An nn FEE. 75 85 2 Sz I 12 5 N 
e 1; ode 08. Av . ants 19073 e 
It was by abfervicg the times 55 the lunge ny 
ſettings of the fixed ſtars, or the times of their 
culminating or paſſing the meridian, that the 
ancients determined the hour or time of CO. 


Nasic ect N | 
bio atk” wi les "NEV. © 364 * e 
ut g 21 * 2 1 } F 3 T 125 Hf? 4 $3 PRs of; & Et 8 5 23 3 


The rag * the place, the bun; 8 8 0 and 
the azimuth of any known ſtar 11 0 given, to 
eee night. 

at unt {of arte 0531675 bed 547 
Hing rectiſied the globe Soothe in of 

' the place and the ſun s place, if the given ſtar be 

due northior-ſouth, bring ĩt to the meridian, and 

the index will ſhew the hour of the nighhlt. 


7 


i 44 e 


„If the ſtar be i in any: other JiceRioh: fix the 
_ quadrant of altitude im the zenith, and ſet it to 
the ſtar's azimuth in the horizon; turn the globe 
about until the quadrant cuts the center of the 
ſtar, and then the horary W will m_ tho hour 
of the ad BW Ota 4 


* 


DESCRIPTION AND USE | 


en chat we may fee | 
fer, and would be glad to know what ſtar it is, 


| or whether it may not be a new ſtar, or a comet; 
how that enn wot bs men er 
Lan. vie 128 e 


bros Ln * 207% N 


The Ru FN of the 3 hs e Wig the 
hour of the night, and the altitude and azi- 
e ne, ene 


Reduit the globe — the phice, 
and the ſun's place; fix the quadrant of akitude 
in the zenith, and turn the globe till the hour 
index points to the given hour, and ſet the qua- 
drant of altitude to the given azimuth ; then the 


ſtar that cuts the quadrant ban, 
vil be the dar fought. WER 


Though eye lars, that bar Aſepras right 
aſcenſions, will not come to the meridian at the 
| ſame time, yet it is poſſible that in ꝶ certain lati- 

pow 9 40 may — circle 


_ PROBLEM 


| ee TRE eee e . 6 
7 
390 eri en * * n. gy. ee 


3 — und 
two ſtars; that have the ſame azimuth,” by 


[me wget aero oy 


Adele be ; then rrn th gas and | 
cide with it's edge ; the houp ee in . 
hour of the night, and the place where the qua- 
drant cuts the horizon, „ 
ne nene, N . | 


What hath been lte above; * ind ſtars 
that have the ſame azimuth, will hold good like- 
viſe of two ſtars that have the ſame altitude; 
an eee, have che following, - 


ERS 4 har XCVIIL. 


A E59 * ** 17 
5 2 65.4 3. FF * —— | F py 


The Inne of the Ot the ſun's pace. a 
two ſtars, that have the ſame altitude, being | 
ber ro find the hour of the night. TO 


Reddit the globe for the latitude of the place, 
the zenith, and the ſun's place ; turn the globe, 
e the ſame degree on the n ſhall cut 
| both 


prscair ion; unο ue 


both ſtars, then the tour index ill ho th tou 
of the night. | 

ne dane re 201 Las * * 
In the eee, i latitude-of-the 
place is ſuppoſed to be given, or known. But 
as it is frequently neceſſary to find the latitude 
of che place, and eſpecially at ſea, how this-may 
| be. found, in a rude manner at leaſt, having the 
time given by a cages watch, will be 


neee, 1 a 6. 
np $004 vr, e Rs tht aL ddl . 
let d nn ID 1 nein. [* Mön en 

a4. 19 . 


The ſun's place, the hs of he eg and two 
„lar, that have the ſame azimuth, or altitude, 
being given, to find the latityde of the * 


SD of 


e WH] 10 2 


* Redtify the 8 for the | ſun” 8 place, and mum 
it, till the index points to the given hour of the 
night; keep the globe from turning, and move it 
up and down in the notches, tin che two given 
Qars have the ſame azimuth, or altitude; then 
the braſs meridian will ſhew the height of the pole, 


and conſequently the tide of the place. 


* PROBLEM 


* * THE. ü 
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- | | * 
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551. * 


rea ee one on the meridian, and - 


| the other on the caſt and weſt part of the hori- 
, ann n. amd " 


2d theſtar obſerved a ee ee 
metidken of the, globe; then keeping the globe 


from turning round it's axis, ſlide the meridian 


vp or down in the notches, till che other ſtar is 
brought to the caſt or weſt: part of: the horizon; 


and that elevation of rpc mill ann | 


of DOE 7 x 910 


* 
13 
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From what hath been faid, it appears, that if, 


of theſe Hive things, 1. the latitude of the place 1 


2. the ſun's place in the ecliptic; 3. the hour of 
the night; 4... the common azimuth of two 
known fixed ftars ; 5. the equal atitade of two 
known fixed ſtars ; any THREE of them be 
given, the remaining Two will eafily be found. 


| There are three forts of ciſngs * ſertings of 


the fixed ſtars, taken notice of by ancient authors, 
and commonly called POETICAL RISINGS and 
| SETTINGS, 


o 


i 4 — Y 
4 8 . 
LY * k * 4 p % + WR > * 


. ²˙ . ᷣ d; 7˙ LN $9 


—— — 


5 


3 
N 


on the doctrine of dhe ſphere, and arg now 


to riſe or ſet cose AM. 


A , 8 281 ad i 4 pi he x * 21 Fs | 
Jas 52d OTC % N e LORE pt t l 


"Theſe Hot copmrear, dentonre cl, nd 


2 N 3 SE EL 4 15. 8 * el 1 * * 3 


N a 


* 


redes be ves 


chiefly uſeſul in comparing and underſtanding 
Virgil, Columella, Ovid, 2 Nliny, Sæc. ? How 
they are to be found by calculation; may be ſeen 

in Petavius's Uranologion, and Dr. Gregory's 
aaa. 5 


DEFINITION, 


. » — 


* 


Ps IT 1 
F ee A 8 * . 


From whence ve ſhall have the following 
1 FROpLEN oh | 

The latitude of the place being given, to find, 
© by the globe, the time of the year when 5 
1 ſtar nis or ſets comical. | 


_ 


* 
+ 


* Coſtard's Hiſtory of Aftrpnomy, 
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Leihe gizep place be Rams, yhaſe latitude is 
4 8 min. north; and let the given ſtar be 


the Lucida Pleiadum. Regify the globe for the 
- latitude of the place; bring the ſtar to the edge 


of the caſtern horizon, and mark the point of the 


ecliptic riſing along with it; that will be found 
to be Taurus, 18 deg. oppoſite to which, on the 
horizon, Derr The Lu- 
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hi reQtified han and 


the Lucida Pleiadum be brought to the edge of 


the weſtern horizon, the point of the ecliptic, 


which is the ſun's place, then rifing on the eaſt- 


ern ſide of the horizon, will be Scorpio, 25 deg. 


oppoſite to which, on the horiaon, will be found 


November the 21ſt. The Lucida Pleiadum, 
e ſets nn November the 221. 


k "ic . fan manner, in the latitude of Lond, 
Sirius will be found to riſe coſmically Auguſt the 


i and to ſet caſtically November the 10th. N E = 


It is or the coſmical ſetting of the Pleiades, 
that Virgil js tube e is th e. 


4 bo ANTS 


_ 
- 
8 % 
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SETTING Ix THE abt tee 
pere but never . 
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Wen « ll fllt ur l Af fen Katt it is 
ſaid to rife or ſet acuronicatly. © 


. 
+ * 
1 A ** 


Hence, likewiſe, we have the 8 


a 4 k bs . . ”" - 4 a 
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The lafitude of the place being given, to find 
the time of the n a given fine will riſe 
r e 3 


2 " 1 1 
4 1 


Let hs given ebe Athens, whe tirade 
is 37 deg. north, and ſer the ons; ſtar be 
Arcturus. 


| Redtif the plobe for the leit or the place, 
and bringing Arcturus to the eaſtern fide. of the 
horizon, mark the point of the ecliptic then ſet- 


ting on the weſtern ſide ; that will be found Aries, 
12 


5 Georg. l. 1, V. ast. 


en nE GLOBES, 51 


* 


12 deg e on the horizon, will 
be found April the 2d. Therefore, Arcturus 


er eee April dad. 4 


bY ARE A 1500411 $458; 163: iin Hug : 144 Au 
It eis of this riſing of Arcturus that-Fleſiod * 
nee aaa Fo FILE, 
Wen wo Wk newer been pſt, 8 
ANCE en . FEY 


' 93 : -. 
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If the Ade ed continues reifed to the mY 
of the place, as before, and Arcturus be brought 
to the weſtern fide of the horizon, the point of 
the ecliptic ſetting along with it will be Sagittary, |, 
7 deg. oppofite to which, on the horizon, will be 
found November the 29th. At Athens, there- 
fore, Arcturus ſets achronically November the 2 
N 


. 8 7 : 8 * 3 


, 
- 29% * 11 3 - n 3 


. 9 


a the fame manner Aldebaran, or the bulrs 
eye, will be found to riſe achronically May the 


22d, and bo * achronically December the 
rgth,” ug! * 5 2 111 ASL 
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| * Lib, ii. ver. 185, 2 
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Ry On 
after it hath been ſo near the ſun as to be hid by 
the ſplendor of his rays, it is faid io tiſe nzL1- 

But for this there is tequired ſoine certain de- 
preſſion of the ſun, below. the horizon, more or 
leſs, according to the magnitude of the ſtar. A 
Rar of the firſt, magnitude is commonly ſuppoſed 


| Lee RET I TOY <A er 
| Py below the horizon. 


fu. wean th Een 
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The latimdeof the place being given; to find the 
time of the year when a given ſtar will riſe 
Le che given place be Rome, whoſe latirude i- 
42 deg. north, 3 * 
ſtar inthe bull horn. | 


” - wad 


Redify | 


* 


#2208 va Sto 13 


| Rely the globe for the latitude of the 8 
ſcrew on the braſs quadrant of altitude in it's 
zenith, and turn ĩt to the weſtern fide of the Hori- 
zon. Bring the ſtar to the eaſtern ſidè of the 
horizon, and mark what degree of the ecliptic is 
cut by 12 deg. marked on the quadrant of alti- 
tude ; that will be found to be Capricorn, 3 deg. , 
the point oppoſite to which is Cancer, 3 deg. 
and oppoſite to this will be found, on the hori- 
zon, June the'25th. The bright ſar, therefore, 

in the bull's horn, in the latitude "oF Rome, 
riſes en e 1 m_— Fo SES OPT 


Theſe kinds of riſings and W are not diy 
mentioned by the - poets, but likewiſe by the 
ancient e and hiſtorians. 


Thus . in ita book De Ære, fays, | 
one ought to obſerve the heliacal riſings and 
ſettings of the ſtars, eſpecially the vos sral, and 
ARCTURUS ; likewiſe the eoSMICAL ins of the 
PLELADES.” 


And. 8 Geaking of, 4 loſs 5 the 


Roman fleet, in the firſt Punic war, ſays, it 
vas not ſo much owing to fortune, as to the ob- 
fiinacy of the conſuls, in not hearkening to their 
pilots, who diſſuaded them from putting to ſea 
: | KRK. 9 
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at that ſeaſon of the year, which was wan the 
6 riſing of 'ORION and the bod STAR'; it being al 
ou — * ne ro ſtorms.” oak Cm 


* "x" 4 
* 
{+ * 74 3 1 | % * 5 
5 0 e 


\ 


Drin. 


When a tne is firſ 1 in lh evening, 
or hid by the ſun's rays; it is ſaid to ſet heliacally, 


And this again is laid to be, when a tar of the 
firſt magnitude comes within 12 degrees of the 
ſun, reckoned in the perpendicular. 


Hence again we have the following 


PROBLEM ww. 


The latitude of the place being given, to find the 
time of the year when a given ſtar ſets heli- 
| acally. . . 8 ; 48 a | 


Let the given place be Rome, in latifude 42 
deg. north, and let the given ſtar be the bright 
ſtar in the bull's horn. Retify the globe for 
the latitude of the place, and bring the ſtar to 

the edge of the weſtern horizon; turn the qua- 
INT of altitude, ell 12 . cut x the een a 
Le tho 

* Lib, i. p. 28. 
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the 1 ſide of the: meridian. - This will be 
found to be 5: deg. of Sagittary, the point oppo- 


and oppoſite to that, on the horizon, is May 
the 28th, the time of the year when chat ſets 
wing ande latitude of 20G | 


. 


Op ru anden or THE Ddr 


we here ilNody taken notice of and illuſtrated 
in page 419; that apparent flow motion of the 
fixed ſtars forwards, which is cauſed by the like 
ſlow motion of the equinoctial points backwards ; 
and ſhewn that'this is owing to the revolution of 
the axis of the equator about the axis of the 
ecliptic, the pole of the equator deſcribing in the 
heavens a circle about the axis of the ecliptic. 
By this motion they are found to recede from 


their ancient ſtations, at the rate of 530 ſeconds | 


every year, making a degree in 72 years, and 
25,920 years to perform one revolution. 


Hence it is, that though the ſigns or conſtel- 
lations in the zodiac are called by the ſame names 


with thoſe-in the ecliptic, yet the ſigns in one do 


not anſwer to thoſe in the other; the ſign called 


Aries, for inſtance, in the ecliptic, is not in that 


bark of 1 it which anſwers to the figure or conſtel- 
K * „ lation 


— 


* 
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lation of Aries in a dharma 
true of all the other ſigns. This is made very 
plain upon the celeſtial globe; ſor the reader 
will find there that the mark N and the 30 deg, 
reckoned from it, which make the ſign Aries in 
the ecliptic, are not within: the. figure or con- 
ſtellation of the ram. This motion in their 
longitude does not, however, vary their latitude, 


Nence their places being once determined to a 
known year, their longitudes may be aſcertained 
for any time paſt or to come, by the ſole ſub- 
traction or addition of ſo many times 50 ſeconds, 
as there are years between that to which the given 
ſtar is rectified, and that to which it is required; 

or knowing .the quantity of preceſſion from any 
former period, the diſtance thereof in time may 
be obtained, by reducing it into ſeconds, and 
dividing the reſult by go, the, quotient will give 
the number of years, as in the. a exam- 
1 e e eee e v1 


PXAMPAD ˖ 
Given, 1 years. "Ts find the an of 
"mM N for that | r 1.544 e ee 
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pri by 50 ſeconds 
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ZXAMPLE n. 


Given, 269 30, the quan of the preceſſion, 
to find the time. 


„ 
ue by bo. 


1 390 minutes 
De 1 60 


WII Anſver ” 1908 years, . 


The regular change in che preceſſion of the 
fixed ſtars, or rather the conſtant retrogreſſion of 
the equinoctial points, ſeems to cauſe an irregular 
variation in their right aſcenſions and declina- 
tions, more or leſs, according to their diſtances | 
from the pole of the ecliptic. Whence it may 

Kk 3 . 


e 


not be improper to ſhew how theſe may be found, 
as the coſmical, achronical, and heliacal rifings 
and ſettings of the fixed ſtars, found by the pre- 
ceding problems, have reſpęct only to the preſent 
age; and the following problem will ſhew 
the reader how to determine the ancient place 
of any ſtar agreeable to the time of ancient 
authors; if their authority may be depended on. 


PROBLEM CY, _ 


Giyen, : the latitude and: ancient longitude of a 
| fixed tar; to find it's right aſcenſion and de- 


clination. 


Elevate the celeſtial 7 to 66+ degrees, 
bring the pole of the ecliptic into the zenith, 
and there fix the quadrant of altitude ; apply it's 
graduated edge to the given ſtar, and it will cut 
it's preſent longitude, either on the ecliptic or 
broad paper circle, which in this poſition of the 
globe coincide with each other : make a mark on 
the quadrant, at the latitude of the given ſtar, 
and remove it to it's ancient longitude, as found 
above ; then bring the graduated edge of the 
| moveable meridian to the mark juſt made upon 
the quadrant of altitude, and ſet the center of the 
artificial ſun to that Paint which will then repre- 
ſent 


# 
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e e (fate given ſtar. That 
point of the moveable meridian, upon which the 
center of the artificial ſun was placed, is it's an- 
cient declination; and that point of the equator, 
cut by it's . e is it's ancient nen 
e 


'T he globe being thus reQtified to the os d b 
preceſſion of any particular ſtar, as given us by | 
ancient authors, the times of the year when ſuch 

ſtar roſe or ſet, either coſmically, achronically, 

or heliacally, may be thus obtained by the pre- 

ceding problems, agreeable to the period of the 

author under conſideration. The reader, who 

wiſnes to purſue this ſubject further, will find it | 
illuſtrated by many curious and learned examples WP 
in the Rev. Mr. Coſtard s Hiſtory of Aſtronomy. 3 


Or THE ConnasronDence or THE CELESTIAL = 
AND TERRESTRIAL SPHERES, if 


© That the reader may thoroughly underſtand | 
what i is meant by the correſpondence between - 
the two ſpheres, | let him imagine the celeſtial 
globe to be delineated upon glaſs, or any other 
tranſparent matter, which ſhall inveſt or ſur- 
round the terreſtrial globe, but in ſucha manner, 

| KE 4 chat 

* Adams's Treatiſe on the Globes. 
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that either may be turned about upon the pole 
of the globe, while the other remains fixed; and 
ſuppoſe the firſt point of Aries on the inveſting 

globe to he placed upon the firſt point of Aries on 
the terreſtrial globe, (which point is in the me- 
ridian of London) then every ſtar in the celeſtial 
ſphere will be directly over thoſe places, to which 
. It is a correſpondent. Each ſtar will then have 
the degree of it's right aſcenſion directly upon the 
correſponding degree of terreſtrial longitude ; 

their declination will alſo be the ſame with the 
latitude of the places to which they anſwer; or 


5 in other words, when the declination of a ſtar is 


equal to the latitude of a place, ſuch ſtar, within 
the ſpace of 24 hours, will paſs vertically over 


that place, and all others that have the ſame 

latitude. | 
If we conceive the celeftial wenig globe to 
be fixed, and the terreſtrial globe to be gradually 
turned from weſt to eaſt, it is clear, that as the 
meridian of London paſſes from one degree to 
another, under the inyeſting ſphere, every 
tar in the celeſtial ſphere becomes correſpondent 
to another place upon the earth, and ſo on, until 
the earth has completed one diurnal revolution; 
or till all the ſtars, by their apparent daily mo- 
tion, have paſſed over N meridian of the 
terreſtriad 


eee, be 


POO From this view of the ſub- 

ject, an amazing variety, uniting in wonderful 
and aſtoniſhing harmony, preſents itſelf to the 

attentive reader; and future ages will find it 
difficult to inveſtigate the reaſons that ſhould in- 
duce the preſent race of aſtronomers to neglect a 
ſubject ſo highly intereſting to ſcience, even in a 
practical view, but which in theory would lead 
them into more ſublime ſpeculations, than any 
that ever yet preſented themſelves to their minds. 


A NEAT DESCRIPTION Of THE Passacs or 


THE STAR MARKED Y IR THE HEAD OF THE 
ConSTELLATION Para OVER THE n 
or Lopov. 


The far Y, in 1 bead of the: 3 
Draco, having 5 1 deg. 32 min. north declination, 
equal to the latitude of London, is the correſ- 
pondent ſtar thereto. | To find the places which 
it paſſes over, bring London to the graduated 
ſide of the braſs meridian, and you will find that 
the degree of the meridian over London and the 
repreſentative of the ſtar, paſſes over from Lon- 
don, the road to Briſtol, croſſes the Severn, the 
Briſtol channel, the counties of Cork and Kerry 
in Ireland, the north part of the Atlantic ocean, 
the Streights of Belleiſle, New Britain, the 

. n 4 no rth IT 
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north part of the province of Canada, New South 
Wales, the ſouthern part of Kamſchatka, thence 
over different Tartarian nations, ſeyeral provinces 
of Ruſſia, over Poland, part of Germany, the 
ſouthern part of the United Provinces, when 
eroſſing the ſea, it arrives ae n N 
_ NP; ! ö ; 


7 When the ſaid ſtar, or any other ſtar, is on the 
meridian of London, or any other meridian, 
all other ſtars, according to their declination and 
right aſcenſion, and difference of right aſcen- 
ſion, (which anſwers to terreſtrial latitude, longi- 
tude, and difference of longitude) will at the 
ſame time be on ſuch meridians, and vertical to 
ſuch places as correſpond in latitude, longitude, 
and difference of longitude, with the declination, 
&c. of the hs je out ſtars,* 


; Si ſtars, therefore, thus conſidered, we 
attain a copious field of geographical knowledge, 
and may gain a clear idea of the proportionable 
diſtances, and real bearings, of remote empires, 
kingdoms, and provinces, from our own zenith, 
at the ſame inſtant of time; which may be found 
FRYE in 


, 


* Fairman's Geography. © 
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W e ov nn hs Hole ts ; 
which the ſun was vertical at any propoſed 


time, ; a 
: Ra % 0 © 


- 


Many inſtances of this mode of attaining 


geographical knowledge, may be found in my 
father's treatiſe on the globes. 
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\ .LTHOUGH 1 have, in the firſt part of 
ibis eſſay, laid before my readers the 

We ee which — 55 me to prefer my father's 
manner of mounting the globes, to the old or 
| Prolemaic form, yet as many may be in poſſeſſion | 
of globes mounted in the old form, and others 
may have been taught by thoſe globes, I thought 
it would render theſe eſſays more complete, to 
give an account of ſo many of the leading prob- 
lems, ſolved on the common globes, as would 
able them to apply the Femnajnagey of thoſe here · 
4 | tofore 


* 


- - OF THE: > 


u, to their own uſe, This is the more 
expedient, as ſince the publication of my father's ll 
treatiſe, there have been a few attempts to do auay 
ſome of the inconveniences of the ancient form, 
particularly that of the old hour Circle, which is 
now N paced e 8 

1 cantiot; however, refrain Fon again oblers! | 
ing to the pupil, that the ſolutjon of the prob- | : 
tems on the old globes depends upon appear- g 
ances; that therefore, if he means to content 
himſelf with the mere mechanical ſolution. of | 
them, the Ptolemaic globes will anſwer his pur- \ 
poſe ; but if he wiſhes to have clear ideas of the 
rationale of thoſe problems, he muſt ule thoſe 
mounted in my ae 7 + 25-48) 


The celeſtial globe is uſed the ſame way in 
both mountings; excepting, that in my father's 
mounting it has ſome additional circles ; but the 
difference is ſo trifling, that ir is preſumed the | 
pupil can find no difficulty in applying the direc- = 
tions there as given to the old form. | | 
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e 24619 * R on * E * 1. e 
R if „ 
To" find the Utitode and —_— of a any en 
e 1 2 on the globe. 


| | Bring the place 100 ws eaſt Be of the 0 
meridian, then the degree marked on the me- 
ridian over it ſhews it's latitude, and the degree 
of the equator, under the meridian, ſhes i it's 
longitude. | | 


| "lance. if the CRP and latirude of. any 
place be given, the place is eaſily found, by 
bringing the given longitude to the meridian ; 
ſor then the place will lie under the given de- 
gree of latitude upon the nn. 


*4% 1 5 Sh vo. %ea * p * 
PROBLYE 11 IE. 
% : \ . SE 77 4 


To find the 7 Rang of Fong between wi 
two given DPS. | 


Bring each of the g hon «Md Boy to 
the brazen meridian, and fee where the meridian 
cuts the equator each time; the number of de- 
grees contained between thoſe two points, if it 
be leſs than 180 deg. otherwiſe the remainder to 

W 3 


13 


or TRE Gro Ses. 


„ 


360 deg. villbe the difference. of longrle re 
quired. 


3 : 


r u 


" redlify the | globe for the latitude, zenith, and 
ſun 5 . | | 


Find the ek of the place (by 8 I.) 
and if the place be in the nothern hemiſphere, 
elevate the north pole above the horizon, ac- 
cording to the latitude of the place. If the place 
be in the ſouthern hemiſphere; elevate the ſouth 
pole, above the ſouth point of the horizon, as 
many tor as are equal to the latitude. | | 


Having elevated the globe FL TE to it's 
latitude, count the degrees thereof upon the me- 
ridian from the equator towards the elevated 
pole, and that point will be the zenigh, or the 
vertex of the place; to this point of the tneri« 
dian faſten the quadrant of altitude, fo that the 
graduated edge thereof may be joined to the ſaid 
point. | | 


Having brought the ſun's place in the ecliptic 


to the meridian, ſet the hour index at twelve at 


4 5 GY : 
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noon, , and che gebe will be redtiied to the ſud's 
wy place. 1 EM 


; PROBLEM . 

The hour of day at any place, wa given, to 
| find all thoſe on the globe, where it is noon, 
| . or any given | hour at t that time. | 

On the globes, 8 . in the common 
manner, it is now. cuſtomary to place the hour 
circle under the north pole; it is divided into 
twice twelve hours, and has two rows of figures, 
weſt to eaſt; this circle is rr To and the 
meridian aue che K er of an index. 


W the given 3 to he 3 — 
and the given hour of the day on the hour circle; 
this done, turn the globe about, till the meridian 
points at the hour deſired; then, with all thoſe 
under the meridian, it is noon, n or any 
auen hour at that time. 


* 


— 


PROBLEM 


3p * 


e "TH 61.098 ein ls 


* 4 = . 

5 2 4 1 a TIS, vi © 

n G | 2 
5 4 - 4 q * * 


e v. 


m. 6 hows of the day at any place being given, : 5 
to find the correſpondent hour (or what = 
o'clock it is at that me) 1 in any other * 


Bring the given place to the brazen meridian, 
and ſet the hour circle to the given time; then 
turn the globe about, until the place where the 
hour is required comes to the meridian, and the 
meridian will point out bale hoy of the day at 
that place. 


Thus, when it is noon at London, it is 

PD türe Ei 1 W ff HY” ER 
Conſtantinople JJ ds | 
Vers Crus 3 30 „ . ] 
beten en N * 50 P.M. 
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ene, F945 oye 


The FOR "me the alt belt Il to find all 
thoſe places on the globe where the ſun will be 
vertical, or in the zenith that day. 


Having found the ſun's place in the ecliptic | 
for the given day, bring the ſame to the brazen | 
r meridian, 
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meridian, obſerve what degree of the meridian 


zs over it, then turn the globe round it's axis, 


and all places that paſs under that degree of the 
meridian will have the ſun vertical, or in the 
zenith that day, i. e. directiy over the head of 
each place at it's reſpective noon. 
ant 10 1 n ig DIC: } 2031 1 85 2 
13 t 1: 7 * 0, 1 L E * vin. 
A place being given in the torrid 2 20ne, to find 
_ thoſe two days of the. year on which the fun 
ni 
"will be vertical to > that plac EG 


Bring the wing place to the brazen meridian, | 
and mark the degree of-latitude that is exactly 
over it on the meridian ; then turn the globe 
about it's axis, and obſerve. the two points of the 
ecliptic, which paſs exactly under that degree of 
latitude, and look on the horizon [for the two 
days of the year in which the ſun is in thoſe 
points or degrees of the ecliptic, and they are 
the days required ; for on them, and none elle, 
the ſun's declination is a to the RANT of the 


given r 
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To hid the © ntceci, HEE and antipodes & 
* * given __ 2 „ 


Bring the 9 place to the brazen meridian, 
and having found it's latitude, keep the globe i in 
that poſition, and count the ſame number of de- 
grees of latſtude « on the meridian, from the equa- 
tor rowards the contrary pole, and where the 
reckoning ends, that will give the place of the 
antœci upon the globe. Thoſe who live at the 
equator have no _m_ | 


% 


"The gets remaining in the fame poſition, = 


bring the upper XII on the horary circle to the 
meridian, then turn the globe about till the me- 
ridian points to the lower XII; 3 the place which 
then lies under the meridian, having the ſame 


latitude with the given place, is the periœci re- 


quired. Thoſe who! live at the poles, if any, have 
no ae, 0 e 


* 


As the 1 now ſtands (with 1 the index at the | 


lower XII, the antipodes of the given place are 
under the ſame- point of the brazen meridian 
where it's antœci ſtood before. 


LIZ PROBLEM 
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To find at. ah hour 1 an dates and. eu any 
day it in the year; and alſo upon what _ of 
the . 


Redity the globe for FE latitude of the place 
you are in; bring the ſun's place to the meridian, 
and bring the XII to the meridian ; then turn the 
ſun's place to the eaſtern edge of the horizon, 
and the meridian will point out the hour of 
riſing; if you bring i it to the weſtern edge of the 
horizon, it will ſhew the ferting, 


Thus on the 16th day of March, the ſun role 
a little paſt ſix, and ſet a little before ſix, 


Note: In the ſummer the ſun rifes and ſets a 
little to the northward of the eaſt and weſt points, 
but in winter, a little to the ſouthward of them. 
If, therefore, when the ſun's place is brought to 
the eaſtern and weſtern edges of.the horizon, you 
look on the inner circle, right againſt the ſun's 
place, you will ſee. the point of the compaſs 
upon which the ſun riſes and ſets that day. 


PROBLEM 


$4 or Tux GLOBES. i %.- al 


"PROBLEM: x. 11 


To find the nk of the We and night at Oy 
time 'of the year. 


Only double the time of the ſun's riſing that 
day, and it gives the length of the night; double 
the time of Bar ſetting, and it 1 bm TORY of 
the day. 


This problem ſhews wow long the ſun ſtays 
with us any day, and how long he is abſent from 
us any ah 02s a 
Thus on the 26th of May ü the fon riſes . 
four, and ſets about eight; therefore, the day is 
ſixteen hours long, and the night eight. 


"PROD. LE * xl. 


To find the wat af the leni bt hon? day, 
at any place 4 750 the earth. 1 


Rectißy the globe for that place, bm the hs: 
ginning-of Cancer to the meridian; bring XII to 
the meridian, then bring the ſame degree of 
Cancer to the eaſt part of the horizon, and the 
meridian will ſne the time of the ſun's rifing. 

I | If 
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If the ſame degree be brought to the weſtern 


ſide, the meridian will ſhew the ſetting, which 


doubled (as in the laſt problem) will give the 
wein of the lpngeſt day ane me” 


If we bing the bejinging of Curtinen: to the 
3 and proceed in all reſpects as before, 
we ſhall have the engen of the e _ and 
| ſhorteſt day. 


| Thus in the Great Mogul's dominions, the 
longeſt day is 14 hours, and the ſhorteſt night 
10 hours. The ſhorteſt day is 10 Wants and the 
ee night 14 hours. 


As . the ſeat of 10 e of 
Ruſſia, the longeſt day is about 194 hours, and 
the ſhorteſt night 4} hours; the ſhorteſt day 4! 
hours, and longeſt night 19 f hours. 


Note: In all places near the equator, the ſun 
riſes and ſeis at ſix the year round. From thence 
to the polar circles, the days increaſe as the lati- 
tude increaſes ; ſo that at thoſe circles them- 
ſelves, the longeſt day is 24 hours, -and the 
longeſt night juſt the ſame. From the polar cir- 
cles to the poles, the days continue to lengthen 


into weeks and months; ſo that at the very pole, 
he 
3 : ; 
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the ſun ſhines for fix months together Dea 
and is abſent from it ſix months in winter. 


Note: That when it is ſurnmer with the north. 

em inhabitants, it is winter with the ſouthern, 
and the contrary ; and every part of the world 
i of an ju ſhare of be- and Kamen. 


* 1 ” i I 1 
* * "4 i * X : : I » * „„ UAC 4 3 +. 


"PROBLEM 12x81 64 Lab 96 1529 11 


To find all-thoſe inhabitants to whom the ſun is 
this moment riſing or W e 
or, * 


* 
1 a; © 
? 


Find the ſun's place in the ecliptic, and raiſe 
the pgle as much above the horizon as the ſun 
(that day) declines from the equator ; then bring 
the place where the ſun is vertical at that hour to 
the braſs meridian ; ſo will it then be in the ze- 
nith or center of the horizon. Now ſee what 
countries lie on the weſtern edge of the horizon, 
for in them the ſun is riſing ;, to thoſe on the 
eaſtern fide he is ſetting ; to thoſe under the upper 
part of the meridian it is noon day; and to thoſe 
under the lower part of it, it is midnight. 


L 14 g Thus: 


| | EP | 
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4: Thus on the agth of * at en, A 
the evening, at Worceſter, SEE? dee 2 


l The P's ring. at New.Zealand 3 an to thoſo 
who are failing in the middle of the Great South 


| | Theſun is ſetting at Sweden, Hungary, Italy, 
Tunis, in the middle of Negroland and Guinea. 


In the meridian (or noon) at the middle of 
Mexico, Bay of nene OO We 4 
. Canada, &c Kc. 


Midnight at the middle of Tartary, Bengel. 
India, and the.ſeas near the Sunda ies. 


PROBLEM xrir. 
To find the beginning and end of twilight. 


The twilight is that faint light which opens 
the morning by little and little in the caſt, before 
the ſun riſes ; and gradually ſhuts in the evening 
in the weſt, after the fun is ſet. It ariſes from 
the ſun's illuminating the upper part of theatmo- 
ſphere, and 18 always when he approaches 

within 
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4 FOR of the eaſlern part of the hori- 
zol, and ends when he deſcends 18 degrees below 


the weſtern ; when dark night PR, and, 
eee eee . | 


To find the begirining of weiin reify the 
globe; turn the degree of the ecliptic, which is 
oppoſite to the ſun's place, till it is elevated 18 
degrees in the quadrant of altitude above the 
horizon on the weſt, ſo will Fs index __ we 
hour twilight begins. 


This ſhort ſpecimen of problems by the old 
globes, it is preſumed, will be ſufficient to enable 
the pupil to ſolve any other. 
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SEVERAL” INSTRUMENTS, 


GENERAL PRINCIPLES OF. | ASTRONOMY. | 


WHICH ARE DESIGNED To. ILLUSTRATE THE 


N purſuance of my e plan, I oils 


to deſcribe thoſe inſtruments that have been 
contrived to facilitate the progreſs of aſtronomy 


and geography. By their aſſiſtance, the lecturer 


and teacher are enabled to impreſs more ſtrongly 
on their pupils, the principles deſigned to be 


cultivated. The pupil, by reſolving a problem, | 


or explaining any particular phznomenon by an 
inſtrument, ſtrengthens the faculties of his mind, 


ad 


* 
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and realizes to himſelf by the eye and the touch, 
what would otherwiſe have left but a faint and | 
ingeſt racdfupon his menu. 


To repreſent by e the motion and 
various aſpects of the heawenly bodies, to ſhew 
by them the paralleliſm of the earth's axis, toge- 
ther with it's diurnal and annual motions ; and by 
this means to explain the beautiful variety of the 
ſeaſons, and other celeſtial and terreſtrial phz- 
nomena, has ever been conſidered as one- of the 


nobleſt efforts of enn 


It is the buſineſs of this eſſay to deſcribe the 
moſt modern inſtruments that have been contri- 
ved for this purpoſe. * But among the various 
methods that have been imagined, to exhibit to 
| the uninformed eye the motion of the heavenly 
bodies, there is none whoſe effect is ſo ſtriking as 
the Eidouranion of Mr. Walker; and I muſt 
oyn, I do not remember ever to have received 
more pleaſure than did upon ſeeing the curtain 
. draw up, and beholding the planetary bodies in 
motion, in this beautiful machine. A deſcrip- 
+ tion of it does. not came within the limits of this 
15 eſſay, as It's effects are only friking when it is 

mg upon a very large ſcale. 


The 


= 
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# 
we... 


The three firſt. chat I ſhall deſcribe are pte 
ſented. in, plate V. plate XV. and plate XVI: 
the one is a manual planctarium, the other, 2 
ſimple. tellurian, the third a lunarium: theſe 
three ought to accompany every pair of globes ; 
they are rendered as ſimple as poſſible, in order 
to reduce the price, that much 1 erben | 
may be attained at an LY rate... 


SH if 


' 1 i ve r 


Plate XVII * I, end plate X XVIII. Wa 
and 2, repreſent what I deem to be the com- 
pleteſt inſtrument of the kind: ĩt is ſo contrived 
as to exhibit, , with the greateſt accuracy and 
perſpicuity, the phænomena of the earth and 
heavens; being the moſt comprehenſive, and at 
the Game time che leaſt deſective. 


| LL . 

Plate XIX. repreſents an elegant and neat 
planetarium, tellurian, and lunarium, in one 
inne the whole mov oving by wheel-work. | 


Fig. Fe and 2, plate XIII. two 18 
pheresz a planetärium is included in that of 
fig. 1, plate XIII. _ fig. 2 is an armillary ſphere, 
by which the real. and apparent motion. of the 


earth and heavens way, be 5 and ex- 
plained, 
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In this hart we ſhall Gp the reader to de 

acquainted with thoſe definitions that we have 

had occafion to introduce in the preceding parts 
of this work; theſe being remembered, he will 

f meet with, little or no err in the —_— 
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- Plate XV. PS a mini dba e or 
one in which the planets muſt be moved 55 p 
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A planetarium may be conſidered as a diame- 
trical ſection of our univerſe, in which the upper 
and lower hemiſpheres are ſuppreſſed : the ſun is 
repreſented by a braſs ball © placedin the center 
of the inſtrument; round about, but at different 
diſtances, the planets are placed thus on the 
ſtem; near the ſun is Mercury 5, then Venus Q, 
the Earth ®, Mars 6, Jopiter Y, and laſtly 
Saturn H. 


The 
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| hi ſecomdary ones are placed abvur the pri. 


une "tut abous the: earth there is one 
little bali to ropreſent the moon, about Jupiter 


eee ee, bee bee 
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1 the ed ee ee 
in two oppoſite circles, the ecliptic, and 'the 


calendar of months, by which means the planets 
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1 "a eas ee 
vil greatly aſſiſt the tutor in communicating; to 


his pupit general ideas of the order, numbes, 


phaſes; relative ene 2 of - the 
nn. ; 1 . _—_ 


You may wed a of the eee wank dy: 
laying hold of, and removing the braſs bar which 
ſuppens tem In thus imitating their different 


revolutions it win be very edvious that if eaed 


of wem left a trade behind of their mation ions, 
there would be ſic concentric circles deſcrwbec 
about this 1 eue 
orbits» | FFI AE 2 65 | & 
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of this work, page 17, namely, chat the motion 
of the planets are regular and harmonious 25 
ſeen re 2 pupil, Naur him 
motion ef the planting thenoy, will fd * 
pe ene e ay 
{Lib kin eh Mana hinſelF ba de 
fituated on the earth, and he will ſoon find, that 
It is his ſituation which is the ſource of apparent 
irregularity. If he conſidem the motions of the 
planets Venus and Mercury, he will find that in 
one part of their orbit, they paſs between us and 
the ſun: this is called their inferior conjunction, 
while in the oppoſite part they paſs' on beyond, 
or on the other aaa fe which is called 
W ge b u A 


th wor” 

eee a e e neither 
of theſe planets can ever appear at a great diſ- 
tance from the ſun. The tutor may eaſily ex- 
Plain this, and what is alſo meant by the elon- 
gation of a planet, by applying the daubled end 
of a piece of thread to the globe that repreſents 
the earth; one of the ends of the thread cloſe to 
the ſtem of the ſun, and the other end to that of 
ing the planets round, e 
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eee Ke: 5 


Gund: Bs, he W570 eres) 1 | 
this means. would coincide-exa&ly. with that of 

the heavens, If the arms of the planetarium 
Voere at a ſufficient length to repreſent the pro- 


portional diſtances of che planets from each other. 
It is nh pry eee ee we 
3 enn, | 
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The pupil will find ihat the 3 


Man, Jupiter, or Saturn, are ſometimes ſeen in 
direct oppolition' to che fin, having the catth 


between them and it; they are at othef times 
le. germane of en the con- 
_—— 7 


ig; uetars YH 3 


Me phaſes eee by 
placing a ſmall lamp, or a piece of candle, in the 
center u gan- pr r- ee wa a. 
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varying their diſtances from the earth, and con- 
ſequently cannot appear to move with an uniform. 
velocity; for they will be ſeen to move faſteſt 
when they are heareſt the earth, and ſloweſt 
en they ate mu remore' from it} Hence alſo 
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they appear work larger at one time tow at. 
another... SBA aal . NT i a 0 a. 
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The teacher may ee eee make it 
obvious to his pupil; why the planets appear to 
move ſometimes; direct, at othera ſtatitmary or 
retrograde: by extending a firing; frail aha earth 
over either of the planets, and to ſome diſtance 
beyond them, and n it over them during 
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moſt ſatisfactory. evidence of the truth. of the 
Coperaican, and; the errors, of the Ptolemaic 
ſyſtem. For on removing the braſs; ball from 
the center, and placing in it's ſtead a ſmall ivory 
one to, repreſent. the earth, and placing a. ſmall 
braſs, ball. inſtead of the ivory earth, the inſtru- 
ment vill then exhibit the ſituation of the plane 
tary _— according to the-Fralamagic nen. 


1 u lain, dat! in, this ſyſtem, in,which the 
earth is made. the centex of. the mation of the 
heavenly bodies, 1. That their motions; would 
all have been the ſame way, or from. weſt to. eaſt 
cantinually.; whereas in the heaven they, are ſeen 
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Hook eaſt o weſt, while1at thier; times. they are 


| Rationary, - 2/ They-would in this caſe appear 
to move with an uniform: velocity; whereas they 
are always obſerved to move with a variable one. 
center of the ſyſtem, it is evident from the = 
inſtrument, that any of the planets might be ſeen 
at all diſtances from the ſun, or that Mereury or 
Venus might be ſeen: when the ſun is ſetting, not 
in which they. were never ſeen by any obſerver, 
4. The planet: Venus and Mercury being, accord» 
ing to this hypotheſis, within the orbit of the 
ſun, could never be ſeen io go behind or beyond; 
but from obſervation we find them as oſten he- 
hind as before the ſun. To remedy theſe imper- 
ſections in his ſyſtem, and- reconcile. it with 
nature, Ptolemy was obliged to introduce various 
circles, into which he ſuppoſed the planet is 
deviate in their revolutions. round the earth: 
thus. multiplying cauſes without neceſſay, and 
rendering that perplexed, 4 
mane 18 Suren 1 gg gc | 
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n eien dene eee 
my endeavours in conſtructing it have been iq 
form an inſtrument that ſnould render the ph. 


ann . n | 


15. Suff; of” Four gall globes, A,B, C, D. 
eee at the four princi; | 
pal ſeaſons of the year, ſummer and winter, 
ſpring and autumn. Theſe globes" are all in- 
elined in an angle of 66+ degrees to the plane of 
the ecliptic; in the center of the inſtrument 4 
braſs ball is placed, to repreſent the fun; there in 


| alſoa ſmallpillar, on the top of which are placed 
| ſeveral wires, parallel to each other, to repreſent 
Parallel rays proceeding from the ſun; to each 


globe there is a black hemiſphere, placed oppo- 
ſite to the ſun, dividing the enligbtened from the 
unenlightened parts of the globe; one of theſe 
black hemiſpheres may be taken off occafionally, 


and the globe be removed from it's fituation, | 
There is allo à circle, which is not repreſented i in 


the plate; this circle is placed at the height of ; 
the earth's center, and is intended to repreſent the N 
orbit of the em four pieces of wire are placed | 


ere fur ge of the con ee 


ay e Keren 8885 it's ee 
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inſtrument, the tutor has only to aſſume two 


propoſſtions: 1. That a globular luminous body 
ſending our parallel. rays, will only enlighten one 
half of another globe, and' conſequently that he- 


miſphere only is illuminated which is turned 


towards the luminous body. 2. That the globe S 
moves round the luminous body in ſuch a man- 
ner, that in all parts of it's orbit, it's axis may 
be parallel to itſelf, and have a certain inclination 


t0:the plane of the . Hig 


| When the hank 4 is in the firſt point of Gets 
corn, the ſun will appear in the firſt point of 
Cancer; in this ſituation, which is that of the 
ball A, fig. 1, plate V. che north pole is turned 
towards the ſun, and that part of the globe ſitu- 


ted within the arctic circle, lies wholly in the 
enlightened hemiſphere, and has no night ; while 


the ſouth pole, and it's polar circle, being totally 


turned from the ſun; are quite involved in dark- 
neff. WT: | | "A | ' 73 2 . 5 
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ae toi lee the zin or de Sb 
e eee to give a clear idea 
of what is meant by the inclination e rope | 
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In this paſition of the earth, . 
che norihem hemiſphere will have their days a4 
the Jangeſt, and their nighysat the ſnaneſt; and 
ie length of che longeſt days are greater, accord. | 

ing as the place is further removed from the | 
equator, till it. reaches the polar circle, from 
 whenceto the pole there is at this ſeaſon continual 
day, and the ſeaſon, is that of ſummer :, while 
all the inhabitants on the ſouth ſide of the equator 
will have their nights the longeſt, a and their days 
- the ſhorteſt; becauſe the greateſt portion of the 

parallels which they deſcribe by the diurnal mo- 
tion of the earth, are in darkneſs, and the leaſt in 
the light ; the ay of the 7 17 0 At this 
time is winter, 
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To render this ſubjeR clearer to the pup, ler | 
of the globe at i FF the earth i is. in the firſt 
point of Cancer, and the ſun is ſeen in the firſt 
point of Capricorn. Here the northern polar Cir- 
cle is all involyed 1 in darkneſs, and has. no day ; ; 
while the ſouthern is entirely within the light, 
and to the inhabitants thereof there is ng night. 
It is now winter in the northern hemiſphere, 
and the days are ſhorter than the night ; while! m 
the ſouthern hemiſphere, the days are at the 
longeſt, If the hemiſphere be now removed 
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8 a. 658 8 
ben dhe globe which is at. Capricorn, and. the | 


globe intel. be Waben cut, and brought, near 10 


that at Cancer, keeping the axis parallel ta it 


former ſituation, the young mind will iamegin 
tel 


the earth's axis to the plane of it's orbit, and She 
n of it's axis ee it's ann 


When the globe is is at 20 SI Aries, . 
as at D, and the ſun appears ta be in the firſt 
point of Libra the circle of illumination 


touches both poles, and the ſun is vertical to 
the equator; the axis inclines ſideways to the 
ſun, ſo that the earth is <nlightencd from pole 
to pole, and the days and nights are equal at all 
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Wee b i ſun appears in 
Aries; the earth is again enlightened from pole 


to pole, pe a te. e 
6/9 en 
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As cheroare 44 meridian b 
each of the. globes, all meeting at their poles, 


and as one mtation of the earth on it's axis is 
performed in 24 hours, each of theſe meridians 
3 | WM 


\ 


perceive how the beautiful viciſſitude in che 
ſeaſons is effected, merely hy. the inclination of _ 
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| of latitade.” "You may, — 2 
the day is at any place of the earth, in either of 
the four fituations; by counting how many of 
latitude of the given place; this number being 
nen. 1 2 5 e * 
the ne” Ne xl as 8; 48%; +39 $545 r 
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_ always in the light, and half in darkneſs; therc- 
fore, ; a e G eee are all 
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* Cr e IHE ee 
hb oe af the globe which i 
- moveable, then remove it from it's place, and 

hold it in the four cardinal ſituations in which the 

others are fixed, but with the axis perpendicular 
to the plane of the ecliptic ; you will find that the 
ſeaſons would; in this caſe, have been always the 
nights of the ſame length at all places, through- 
out the whole year : only at the poles there Would 
be hardly either day or night, the ſun neither 
going round the, ſame continually, with one-half 

4 diſc in n This is what would really 
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C DEF an inclined braſs plane, GHIK 
another plane parallel to the former, mo 
ported by tuo braſs props ; the inner edge of this 
ring nearly touches the artificial" moon; and re. 
e rcpe tan . | 
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The moon is fometimes on the north fide, 2 
ſometimes'on the ſouth fide of the ecliptic, which 


thereof are 
eſt and loweſt part of her orbit. which * 5 7 
N nnn. vas 
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The tao nods M in th plans of th lip, 
in thoſe parts of the nioon's orbit where the - 


vires thay ſupport it are fixed. That from which 
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there are two circles, one with the ſigns of the 
a the days of the month 
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te moon begitis to aſcend northward; above the 
ecliptic, is called the aſcending or north node, a 
the oppoſite one from which the moon deſcends 
ſouthward, below. the ecliptic, is called her 
_ deſcending node. They always keep oppoſite to 
each other, and move backward through all the 
ſigns of the ecliptic, in about nineteen years; on 
each ſide of them both is engra ved a ſimall ſun at 
18 degrees, and a {inall moon 12 degrees diſtant 
from them; theſe are the limits of exlipſet, the 
aſing this inſtrument, the braſs ball repreſenting 
the ſun, is ſuppoſed to be on the table, oppoſite 
to it's place in the ecliptic, for the given time; 
 _ and that the moon's nodes are alſo ſet to their 
CE Oe {Pt Fart Ur 


If the moon's * 5 colncided oa the 3 
the ecliptic, there would be an eclipſe of the 
fun at every new moon ;; becauſe the moon's 
_ ſhadow then paſſing over ſome parts. of the earth, 
vauld deprive them of the ſun's light; but be- 
moon a ſmall opake one, her ſhadow will bc 
conical, and can only cover a ſmall part of ie 
earth at once; and therefore there would be 
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moon would alſo, every time ſhe was oppoſite to 
the ſun, paſs through the ſhadow of the earth, 
and undergo a total eclipſe to all thoſe inhabitants 
of the earth to whom i it was SG. 
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I, as the ſun NA the earth are always in the | 


plane of the ecliptic, and-the moon's orbit is in- 
clined to it, and cuts it only in che nodes, it is 
plain there can be no eclipſes, but when a right 
line paſſing/. through the nodes would, if con- 
tinued, run either through, or nearly by the fun, 
at che time of new or full moon; and from the 
time that this happens till it does ſo again, is 

about 173, days, ar near half al ycar, ſave what 


allowance is to be made of 18 degrees on either 
ide of the nodes, within which the ſun may be 


lied end of 12 degrees, within which 
— cer en leute. d 
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The e "circymifances are rend re 


evident to the ſenfes and the mind, by means of 
the lunarium; particularly ſo... when a candle, or 
lamp, pore nib in 55 phe of: of the 19 * 


fig: 2. 
= {44 
— 4 
; * 
Tk 8 9800 1 J 14 
2 1 Ji ' TSA 29 
1 . 4 7 : * # - N 
Ma 6 lig e Pint 2 — 9 * 
4 "+ 
„ 2 


557 


P r ⁵— VE IT —_—— Cr EP 


n 


— F. 9 
— 
— — — 


5 
2 _ Inc 
n —— 
— - . 


———— — 26 


EET oe a ee 


— — — — 


3 2 N ; 
3.54.3 08% +» 
s. PLOT Ne + ES 


, 
2 
2 
37 

* 
57 
2 

2 

4 

g 


— — 
— 


f * 4 Mot, Arg et 4 Wit 5 4 * 8 4 
a 20 Ane iS; n 9 n 43 N «BL an D $4.0 


, 4 E 5 = : * % 
a 3 . ” 7 - 4 * > 7 - 2 1 %.. <> 
; 3” pres rip Wh eget LO 


CS. bs BY. Ce 
an. 


24 ET 
Po aw # T's 


: * 4. , 1 * 1 4 N 4 * : 


5 „ Fe fie ale Ct . W „ 7. r 7 


- 


2 : Wo. 42 22 * 
nr 404 enn n 
4 *£ 3 1 bw : i wt 4 $ 


Tj 
* . . 2 
# ; ; . 
141 nn ” | * * W F 12 
II N Fi 3; SICK ICT 'AND | 
wt $4 #4 4 » — \ 


* « g £ * © 4 ( , "7 1 * Wr i ' b O_o 
. N ; X 13 2 3 "35 14 
2 8 Aa ey NI 


LL U RIA 


892 
* 75 


2 ments is in a great degree applicable to 
| this improved planetarium ; but as the conſtruc- 
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them to contemplate and reaſon upon the motion 
of the heavenly bodies, induced them to realize 


their ideas, and form inſtruments for explaining 
them; and we may fairly preſume, that theſe | 
were carried to no ſmall degree of perfection, 


when we conſider that of one Archiz ' 
the. makers; * Sunn encomialt, 
{'* a by Mi}; 71 


ee e deſcribed, was - in- 
vented by the celebrated Hurous; though 
fince his time it has been aſcribed to almoſt as 
many inventors as makers; each deviation in 
form, the mounting it in this mode or the other, 
the addition of a zscdiac, or ſome ſuch ſlight 
changes, have been deemed by many of ſufficient 
importance to give them a claim ta the title of 
inventors ;—be it ſo. Let the friend of ſcience. 
encourage every humble effort to improve it, and 
let him beſtow a name which, though it may in 
ſome meaſure gratify vanity, yet incites to labour, 
rather than by contemꝑt check the ardour, or. 
diſoourage the talents which, when called * 
may be of the greateſt ſexyice.to Te: 
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nnn the fin primary planets 
mund the fun; in cheir proper periods of time, 
this motion . 
r che” Par A e "OI Þ 
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Ap two oppoſite circles, correſf png 
to each other, the ſighs' of the ecliptic; and the 
days of the month, by means whereof the planets | 
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mee center atite DR "IR 4 
ſtrong ſtem; on which the bra hall is placed, 
vhkick repreſentu the ſun ; round the Remy are the 
different: ſockets, which carry the arms, by 
which e eu hs yang * * 
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The planets are ivory balls; having the hemi- 
ſphere Wich is nent che ſum White, the other 
black, to exhſbit their ræſpvctive phaſes to each 
other. The planet ma) be enfilꝶ pat on eee 
off their Dae ol Geo eee Wo Uk 
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inſtrument only moveable by hand; but when 
the inſtrument is fitted up on a large ſcale, and in 
a more expenſive form, even theſe are yu in 
motion by the ann, I 
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The preg are > Ailboled in- N following 
e. in the center is the braſs ball O to re- 
preſent, the ſun, then Mercury N, Venus 9. 
the earth O, Mars &. Jupiter X, and Saturn 
H ; the Georgium Sidus is not inſerted, Nause 
it would not only enhance the expence, but it's 
motion would be ſo flow, as to render it incapable 
of affording either amuſement or inſtruction. By 
turning the handles, they all moye ahout the ſun 
from weſt to eaſt, with the ſame relative veloci- 

ties and ee times that . 1 in. He. 
benden | 
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| When bs pupil has been gratified. by putting 
the inſtrument in motion, and making his own 
obſervations on thoſe motions, it will be proper 

to acquaint him with the names of the different 
planets; and of their diviſion into primary and 
ſecondary, to ſhew him how. they were firſt 
- diſtinguiſhed from the fixed ſtars, and how the 
length of their periodic revolution was diſcovered. 
Here it will be proper to obſerve that the annual 
motion'of the earth, or the time it takes to per- 
. form 
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ſiorm it's period round the ſun, is made the baſis 
to which the others are compared; and this is one 
of the reaſons why the months, and days of our 
months, are engraved on the circle. Having ob- 
ſerved this, the planets may be put in motion, 
and they will be found to revolve round the re- 
preſentative of the ſun in their proportionable 
times, each planet always completing it's revo- 
lution in the ſame ſpace of time, in periods 
regulated and proportioned to their diſtance from 
the ſun: the curves which they Nu ul their 
e is when, is 8 e een: 


ci order to aſliſt the ai? in „ 
idea of the vaſt diſtances of the planets from the 
ſun, the following ſuppoſitions have been made: 
That if a body projected from the ſun, ſhould fly 
with the ſwiftneſs of a cannon ball, that is, 480 
miles every hour, this body would reach the 
orbit of Mercury in about 8 years, 276 days; of 
Venus in 16 years, 136 days; of the earth in 22 
years, 226 days; of Mars in 34 years, 170 days; 
of Jupiter in 117 years, 234 days;-and the orbit 
| W W 286 e | 


If . W ſhould think this TIA too en- 


five, he may contract it in the following manner, 
Mice 


5 01 7. abd+tkibiis & ar. 0 
in which the yeoporignal bulks nd diſtances * 


the _ __ i areas are wail 
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Suppoſk a globe of this fize to repreſent the fun, = 


then a globe of 94 inches will "repreſent Mer- 


cuty ; one of 154% inches Venus; one of 18 


inches the” earth; bne of 5 ihebes diameter the 
moon; dne of 10 inches Mars; ont of i ; feet 
Jupiter; one of 111 Saturn, with his ring 4 feet 
broad; and at the ſame diſtance from 28 all 


around: 8 
mid toportion tek fink .at S. 
Paul's, Mercury wicht be at the Tower of Lon- 


don, Venus at St. James's palace, the earth at 


Mary-le-bone, J 1 N at r are and 


"SE. 


As the N We * the n 
ſyſtem will be beſt underſtood by an induction of 
particulars; Tſhould adviſe the tutor to remove all 


the planets but thoſe whoſe motion he is going to 


explain. For inſtance; let us ſuppoſe him to leave 
only the earth, Mars, and Venus. Now as cach 
Vngy A000 HOES of velocity, 
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they are insel changing their relative po- 
ſitions. Thus on turning the handle of the ma- 
chine, he will find, 1ſt, that the earth moves 
twice as faſt as Mars, making two revolutions 
while he makes one; and Venus, on the other 
hand, moves much faſter than the earth. Sccond- 
ly, that in each revolution of the earth theſe 
planets continually change their relative poſitions, 
correſponding ſome times with the ſame point of 
the ecliptic, but much Shen vith different 
points. ; | „ 


4 


We may now . to make ſome m 
| tions on the motions of Venus, as obſerved in the 
planetarium. If conſidered as viewed from the 
ſun, we ſhall find that Venus would appear at one 
time nearer to the earth than at another; that 
ſometimes ſhe would appear in the fame part of 
the heavens, and at others in hy my 
thereof. | | 


jt As the planets, when ſeen from the fun, 
change their poſition with reſpect to the earth, 
Jo do they alſo, when ſeen from the earth, change 
their poſition with reſpec to the ſun; being ſome- 
times nearer to, at others farther from: and 
times in conjunction with him. 


But 


But the conhunctions « of Venus or Mercury, 
ſeen from the earth, not only happen when they 
are ſeen together from the ſun, but alſo when 
they appear | to be in oppoſition to the ſolar ſpec. 
tator. To illuſtrate this, bring the earth and 
Venus to the fiſt point of Capricorn; then by 
applying. a” ſtring from the ſun” over Venus and 
the earth, you will find them to be in conjunction, 
or on x the fare Point of the ecliptic.” th : 


-Wiikrens if you turn the: handle till the fun is 


between Venus and the earth, a ſpectator in the 


_ fun will ſee Venus and the earth in oppoſition; 


but an inhabitant of the earth will ſee Venus, not 


in oppoſition to the ſun, but in conjunction with 


In the firſt conjunction Venus is between the 
ſun and earth; this is called the inferior conjunc- 
tion. In the ſecond, the ſun is ſituated between 


the earth and Venus; this is called the ſuperior 


corjunthion. Fra 


After either of thee et Venus will 
be ſeen to recede daily from the ſun, but never 
departing beyond certain bounds, never appear- 
ing oppoſite io the ſun; and when ſhe is ſeen at 
fe greateſt diſtance from * a line joining 
NESS <-> 
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her center with the center of the e a. 0 . 
e to the orbit of Venus. KP 
10 illuſtrate this, raks off the ks flow It's 
ſupport, and the ball of Venus from i it's ſupporti 
| ſtem; place the wire, fig. 2, plate XVII. fo 
5 that the part P may be on the ſtem that ſupports 
| the earth, and a ſimilar ſocket, fig. 3, on the pin 
which ſupports the ball of Venus; the wire F. is to 
lie in a notch at the top of the ſocket, which has 
been put upon the ſupporting ſtem of Venus; 
then will the wire repreſent, a. viſual, ray going 
from an inhabitant of the earth to Venus. By 
turning the handle, you will now find that the 
planet never departs further than certain. limits 
from the ſun, which arc called it's greateſt elon- 
: gations, when the wire becomes a tangent to the 
orbit ; after which, it approaches the ſun, till i 


arrives at either the inferior or ſuperior con- 
Wa 


1 will alſo be eyident from the inſtruments, 
that Venus, from her ſuperior conjunction, when 
ſhe is furtheſt from the earth, to the time of her 
inferior conj junction, when the is neareſt, ſets 
later than the ſun, is ſeen after ſun-ſer, and is, 
as it were, the forerunner of night. and darkneſs, 
But dum the inferior aneh. till ſhe comes 


3 | to 
! * N - 
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the n one, the. is always ſeen weſtward of 
che ſun, and muſt conſequently ſet beſore him in 
che evening, and riſe before him in the 0 
nnn that me a 19 8 are at S_ 


| Bring Venus and e eng u of 
Aries, when they will be in conjunction; and 
turn the handle for nearly 225 days, and as Venus 


moves faſter than the earth, ſhe will be come to 


Aries, and have finiſhed her courſe, but will not 
have overtaken the earth, who has moved on in 
the mean time; and Venus muſt 9 ee 
time, O_ to overtake ur « | 


Therefore, if Venus Would be this 1 day in con- 
junction with the ſun, in the inferior part of her 
orbit, ſhe will not come again to the ſame con- 
junction till after 1 year, 7 months, and 12 


It is alſo plain, by inſpection of the planeta- 
rium, that though Venus does always keep nearly 
at the ſame diſtance from the ſun, yet ſhe is con- 
tinually changing her diſtance from the earth; 


her diftance is greateſt when ſhe is in her ſupe- 


xior, and or when he ixin her 8 
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As Venus is an pe globe, and only ſhine 
* the light ſhe receiyes from the fun, that face 
which is turned towards the- ſun will always be 
bright, while the oppoſite one will be in dark- 
neſs ; conſequently, if the ſituation of the earth 
be. ſuch, that the dark fide of Venus be turned 
towards us, ſhe will then be inviſible, except ſhe 
appear like a ſpot on the diſk of the ſun. If her 
whole illuminated face is turned towards the 
earth, as it is in her ſuperior conjunction, ſhe 
appears of a circular form, and according 10 the 
different. poſitions of the earth and. Venus, ſhe 
will have different forms, and appear with 
different phaſes, undergoing the ſame changes of 
form as the moon. Theſe different phaſes are 
ſeen very plain in this inſtrument, as the fide of 
the planet which is oppoſite to the ſun, is black- 
ened ; ſo that in any poſition, a line drawn from 
the earth to the planet, will repreſent that part 
of her diſk which is viſible to us. 


The irregularities in the apparent motions of 
the planets; is a ſubject that this inſtrument will 
fully elucidate ; and the pupil will find that they 
are only apparent, taking their riſe from the ſuu- 
ation and motion of the obſerver. To illuſtrate 
this, let us ſuppoſe the above-mentioned Mixe, 
when connected with Venus and the earth, to 
ory DE TO ow — 2 „„ be 


* 
j 


will then point out how the motions of Venus 
appear in the heavens, and the path ſhe appears 
to us to ann n the FOI ion. 


Let an be oe: near 1 is con- 
junction, and the inſtrument in motion, the wire 
will mark out the apparent motion of Venus in 
me ecliptic. Thus Venus wil appear to move 
eaſtward in the ecliptic, till the wire becomes a 
tangent to the orbit of Venus, in which ſituation 
he will appear to us to be ſtationary, or not to ad- 
vance at all among the fixed ſtars ; a circumſtance 
which is excecding viſible 1 clear upon _ 
pam wo | 5 


Continue turning, till Venus be in her ſuperior 
conjunQion, and you will find by the wire, or 
viſual ray, chat ſhe now appears to move back- 
ward in the ecliptic, or from eaſt to weſt, till 
ſhe is arrived to that part where the viſual ray 
again becomes a tangent to her orbit. In which | 
poſition, Venus will again appear ſtationary. for 
ſome time; after WING, ſhe will commence anew 
her dire& motion. 


H when Venus i is in the ſuperior part of 
her 2 ſhe i is always ſeen to move directly, 


according 
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according to the order of the ſigns; but when 
ne is in the inferior part, ſhe e move 
in a e direction. 55 | 


What has . raid concerning wi motions of 
Venus, is applicable to thoſe of Mercury; but 
the conjunctions of Mercury wich the ſun, a 
well as the times of his being direct ſtationary or 
retrograde, are more frequent than thoſe of 


. 


Tf the tutor wiſhes to extend his obſervations 
on the inſtrument to Mars, he will find by the 
viſual ray, that Mars, when in conjunction, and 
when in en will appear in the ſame 
point of the ecliptic, whether it is ſeen from the 
ſun or the earth; and in this ſituation only is it's 
real and apparent place the ſame, becauſe then 
only the ray proceeds as if it came y_ the cen- 
ter of th W 


He will Steve! that the direct motion of the 
ſuperior planets is ſwifter the nearer it is to the 
conjunction, and flower when it is nearer to 
quadrature with the ſun ; but that the retrograde 
motion of a ſuperior planet is ſwifter the nearer 
it is to oppoſition, and flower the nearer it is to 


\ 
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quadratures butatthetime of change 8 direct 
to abe motion becomes inſenſible. 


of all the. prejudices, which. philoſophy con- 
tradicts, there is none ſo general as that the earth 
keeps it's place unmoved. This opinion ſeems 
to be univerſal, till it is corrected by inſtruction, 
or hy philoſophical ſpeculation. Thoſe who 
have any tincture of education, are not now in 
danger of being held by it ; but they find at firſt 
a reluQance. to believe that there are antipodes, 
that the earth is ſpherical, and turns round it's 
axis every day, and round the ſun every year. 
They can recollect the time when reaſon ſtrug- 
gled with prejudice upon theſe points, and pre- 
yailed at length, but not x wichoue ſome efforts. 


The planetarium gives 3 demonſtration 
of the motion of the earth about the ſun, by 
ſhewing that i it is thus only that the celeſlial phæ- 
nomena can be explained, and making the ab- 
ſurdity of the Ptolemaic ſyſtem evident to the 
ſenſes of young people. For this purpoſe, 
take off the braſs ball which repreſents the ſun, 
and put on the ſmall j ivory ball which accom- 
panies the inſtrument in it's place, to repreſent 

I the 


* Reid's Eflays on the Intelleftual Powers of Man. 


* 


57 DESCRIPTION AND 66 


me earth, and place a ſmall braſs ball for he ſun, | 
on that * arm which carries the earth. 


The kannten in this ſtate will give an idea of 
the Ptolemaicſyſtem, with the earth immoveable 
in the center, and the heavenly bodies revolving . 
about in the following order: Mercury, Venus, 
THE sun, Mars, Jupiter, and Saturn. © Now in 
this diſpoſition of the planets, ſeveral circum- 
ſtances are to be obſerved, that are contrary to 
the real appearances of the celeſtial motions, and 
which therefore prove the falſity” of | this 
ſyſtem. 1 $1.6 742% | E? * * pb eh 


It will appear from the inſtrument, that on 
this hypotheſis Mercury and Venus could never 

be ſeen to go behind the ſun, from the earth, be- 
cauſe the orbits of both of them are contained 
between the ſun and the earth; but theſe planets 
are ſeen to go as often behind the ſun as before it; 
we may, therefore, from hence conclude, that 
this ſyſtem is erroneous. | Val 


It is alſo apparent in the e chat on 
this ſcheme theſe planets might be ſeen in con- 
junction with, or in oppoſition to the ſun, or at 
any diſtance from it. But this is contrary to 
experience; for they are never ſeen in oppoſition 

| ' FS BY 8779. © 00907 to 
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to the ſun, nor ever mene een i beyond cer 
| rain limits. 


Again, on the Ptolemaic ſyſtem all the planets 
would be at an equal diſtance from the earth, in 
all parts of their orbits, and would therefore ne- 
ceſſarily appear always of the ſame magnitude, 
and moving with equal and uniform velocities in 
one direction; circumſtances whichare known to 
be e to renten and mee FN 
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The * the wn and the moon, are 1 
which, from our connection with them, are ſo 
intereſting to us, that it is neceſſary to enter into 
a minute detail of their reſpective phenomena. - 
To render this inſtrument a tellurian, all the pla- 
nets are firſt to be taken off, the piece of wheel 
work A B is to be placed on in their ſtead, in ſuch - 
a manner, that the wheel c may fall into the 
teeth that are cut upon the edge of the ecliptic. 
The milled nut D is then to be ſcrewed on, to 
keep che wheel · work firmly in it's place. It is 
beſt to place this wheel · work in ſuch a manner, 
that the index E may point to the firſt of June, 


n 
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and then to se Wie globe, ſo e north et 
may be rer towards the ſun. EA 


Tpne inſtrument is how ready to ew, in an 
accurate and clear manner, all the phænomena 
ariſing from the annual and diurnal motion of the 
earth; as the globe is of 3 inches diameter, all 
the continents, ſeas, kingdoms, & c. may be 
diſtinctly ſeen ; the equator, the ecliptic; tropics, 
and other circles, are very viſible, ſo that the 
problems relative to peculiar places, may be 
ſatisfactorily ſolved. Theaxis of the earth is in- 
clined to the ecliptic in an angle of 66 f degrees, 
and preſerves it's paralleliſm during the whole of 
it's revolution. About the globe there is a circle, 
to repreſent the TERMINATOR, or boundary be- 
tween light and darkneſs, dividing the enlight- 
ened from the dark hemiſphere. At N Ois an 
hourcircle, to determine the Ute of ſun riſing 
or ee | 


The bras index G repreſents à central ſolat 
ray; it ſerves to ſhew when it is noon, or when 
the fun is upon the meridian at any given place; 
it alſo ſhews what ſign and degree of the ecliptic 
on the globe the ſun deſcribes on any day, and 
| pero it deſcribes. N 


The 


— 


The plane of the terminator H I paſſes 
through the center of the earth, and is perpen- 
dicular to the central ſolar ray. The index E 
points out the ſun's place in the acemi Wake 
inffrument os wy —_ wy in mn vpn I 


The firſt this to hs FR is to realy the 
tellurian; or in other words, to put-the globe 
into a poſition ſimilar to that of the earth, for 


any given day. Thus to rectify the tellurian for 


the 21ſt of June, turn the handle till the anguat 
index comes to the given day; then move the 
globe by the arm K L., ſo that the north pole 
may be turned towards the ſun; and adjuſt the 


terminator, ſo that ĩt may juſt touch the edge of 
the arctic circle. © The globe is then in the ſitua- 


tion of the earth for the longeſt day in our north 
ern hemiſphere, the annual index pointing to the 
firſt point of Cancer and the 21ſt of June; bring 


the meridian of London to coincide with the cen- 


tral ſolar ray, and move the hour circle NO, till 


the index L points to XII; we then have the 
ſituation of London with reſpect to the longeſt 


day. 


i -} "8 is a 
SS \ Sa 


Now on gently turning the handle of the 
machine, the point repreſenting London wilt, 
by the rotation of the earth, be carried away 

2385 ; to- 
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towards the caſt, while the ſun ſeems to Hbye 
Sh weſtward ; and when London has arrived at the 
eaſtern part of the terminator, the index will 
point on the hour cirele the time of ſun. ſetting 
for that day continue to turn on, and London 

will move in the ſhaded part of the earth, on the 
: other. ſide of the terminator; when the index is 
again at XII, it is midnight at London ; by 
moving on, London will emerge from the weſl: 
ern ſide of the terminator, and the index will 
point out the time of ſun- riſing, the fun at that 
inſtant appearing to riſe above the * in the 
Wh to an inhabitant of e 


_ villbe 3 Pl aa 1 while in 
Y this poſition, that the central ſolar ray, during 
the whole revolution of the earth on it's axis, 
only points to the tropic of Cancer, and that the 
Lun is vertical to no other part of the earth, but 
| thoſe dne are under this _ E 


B obſcrving b. ng 0 terminator cuts ;the ſe- 
W of the globe, we ſhall find that all 
thoſe between the northern and ſouthern polar 
circles (except the equator) are divided unequally 
into diurnal and nocturnal arches, the former 
being greateſt on the north ſide of the equator, 


and the latter on the ſouth ſide of it. 
7; | In 


ty\$iankranivies, &. 57 
in mis pas the northern polar cirele is 
Gholly on that ſide the terminator which is near- 
eſt the ſun, ant therefore altogether in the en- 
| lightenedl hemiſphere, and the inhabitants thereof 

enjoy a continual day. In the ſame manner, the 
inhabitanti of the fouthern- polar circle continue 
in the durk at mis time, - notwithſtanding the 
diurnal revolution of the earth; it is the annual 
ſituation of perpetual darkneſs, and bring to 
| then the bleſliigs of day; and the enjoyrtients of - 
ſummer; while in this ſtate the inhabitants in 
north latitude are neareſt to the central ſolar ray, 
and conſequently' to the ſun's perpendicular 
| beams; and of courſe à greater number of his 

rays will fal upon any given place; than at any 
other time : the ſun's. rays do now alſo paſs 
through a leſs quamity of the atmoſphere, which, 
together with the length of the day, and the 
ſhortneſs of the night, are the teaſons of che in- 
creaſe of htat in ſummer, burg woven! all K's 
other 1 | 


Whils hs eee to turn __ as 
it's own: axis 'once'a day, it is continually ad- 
vancing from weſt to caſt, according to the 
order of the figns; as is ſeen by the progreſs of 
the annual index E, e pee ee to 

N Os: all 
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all the ſigns and degrees of the ecliptic 3. the fun 
in the mean time ſeems to deſcribe the ecliptic 
alſo, going from weſt to eaſt, at the diſlance of 


fix ſigns from the earth, that is, when the earth 
really ſets out from the firſt point of Capricorn, 
the ſun ſeems to ſet out from n _ pa of 
gs as is e from the n ie 


But as during ab annual e of the 
earth, the axis always remains parallel to iiſelf, 


the ſituation of this axis; with reſpect to the ſun, 


muſt be ee een 


"i the th moves on in the ecliptic, the 
enen polar circle gets gradually under ihe 
terminator, ſo that when the earth is arrived at 
the firſt point of Aries, and the annual index is 
at the firſt point of Libra on the 22d of Septem- 
ber, this circle is divided into two equal parts 
by the terminator, as is alſo every other parallel 
circle, and conſequently the diurnal and noc- 
turnal arches are equal; this is called the time of 
equinox, the days and nights are then equal all 
over the earth, being each of them 12 hours 


long, as will be ſeen by the horary index L. 
The central ſolar ray G having ſucceſſively | 


pointed to all the parallels that may be ſuppoſed 


Wy * between the SOR and the tropic of 
| Cancer, 
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Cancet, At this petiod perpendicular to t the 1 in- 
habitants that live at the ee 8 f 


By continuing to turn the handle, the earth 
advances in the ecliptic, and the terminator. 
ſhews how the days are continually decreafing, 
and the diurnal arches ſhortening, till by degrees 
the whole ſpate contained by the northern polar 
circle is on that ſide of the terminator hich is 
oppoſite to the ſun, which happens when the 
earth is got to the firſt point of Cancer, and the 
annual index is at the firſt point of Capricorn, on 
the 21ſt of December. In this ſtate of the globe, 
the northern polar circle, and all the country 
within that ſpace have no day at all; whilſt the 
inhabitants that live within the ſouthern polar 
circle, being on that ſide of the terminator which 
is next the ſun, enjoy perpetual day. By this 
and the former ſituation of the earth, the pupil 
will obſerve that there are nations to whom a 
great portion of the year is darkneſs, who are 
condemned to paſs weeks and months without 
the benign influence of the ſolar rays. The 
central ſolar ray is now perpendicular to the 
tropic of Capricorn; the length of the days is 
inverſly what it was when the ſun entered Cancer, 
the days being now at their.” ſhorteſt, and 
the . longeſt in the northern hemiſphere 3 

Oo 2 de 


- 
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the lng ofa primed ar by he hone 


index, / 


The exnhbeing again a n enters 


Libra, and the ſun. Aries, we ſhall again have 


all the phanomena of the equinoctial ſea- 


ſons. The terminator will divide all the parallels 


into two equal parts; the poles will again be 
in the plane of the terminator, and conſequently 
as the globe revolves, every place from pole to 
pole will deſcribe an equal arch in the enlightened 


and obſcure hemiſpheres, entering into and 


going out of each exactly at fix o'clock, as 


Ads the earth advances, more of the nonhen 
3 circle comes into the illuminated hemi- 


ſpbere, and conſequently the days increaſe with 
us, while thoſe on the other fide the equator de 


| creaſe; till the earth arrives at the firſt point of 


Capricorn, the place from which, we. n beg 
enen. | 


e andow 
on in it's place the globe which accompanies the 
inſtrument, and which. is nag; ranged 
tidian, horizon, and quadrant of altitude; che 
an. horizon is e en the co 


1 
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and welt, to the north and fouth points, and 
withia theſe diviſions are the points of the com- 
paſs to the under fide of this horizon ; but at 18 
degrees from it another circle is athxed, to repre- 
ſent the twilight circle ; the meridian is graduated 
like the meridian of a globe; the quadrant of 
altitude is divided into degrees, beginning at the 
zenith, and finiſhing at the horizon. 


This globe; if the horizon be differently ſet 
with reſpect to the ſolar ray, will exbibit the 
various phænomena ariſing from the ſituation 
of the horizon with reſpect to the ſun, either in 
a right, a parallel, or an oblique ſphere; or 
having ſet the horizon to any place, you will ſee 
by the central ſolar ray how long the fun is above 
or below the horizon of that place, and at what 
point of the compaſs he riſes, his meridian alti- 
rude, and many other curious particulars, of 
which we ſhall 1 980 a few examples, 


Set the horizon to coincide with the equator, 
and place the earth in the firſt point of Libra; 
then will the globe be in the poſition of a wy 
lel ſphere, and of the inhabitants of the poles at 
that ſeaſon of the year, which inhabitants are re- 
preſented by the pin at the upper part of the 
quadrant of altitude ; the handle being turned. 
00 3 round. 
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round gently, the earth will lcd upon it's 

axis, and the ſolar ray will coincide with the 
horizon, without deviating in the leaſt to the 
north or ſouth ; ſhewing, that on the 21ſt of 
March the ſun does not appear to rife or ſer to 
the terreſtrial poles, buit paſſes round through all 
the points of the compaſs, "_e 1 1 ny bon: 
zon biſecting the ſun's diſk; Wo 


Now place the horizon, ſo that it may coin- 
cide with the poles, and the pin repreſenting an 
inhabitant be over the equator, the globe in this 
poſition is ſaid to be in that of a right ſphere; 
the equator, and all the parallels of latitude, are 
at right angles, or perpendicular to the horizon; 
by turning the handletill the earth has completed 
a year, or one revolution about the ſun, we ſhall 
| perceive all the ſolar phanomena as they happen 
to an inhabitant at the equator, which are, 
I. That the ſun riſes at ſiæ, and ſets at fix, 
throughout the year, ſo that the days and nights 
there are perpetually equal. 2. That on the 21ſt 
of March, and 22d of September, the ſun is 
in the zenith, or exactly over the heads of the 
inhabitants. That one half of the year between 
March and September, the ſun is every day full 
north, and the other half berween 1 TDN 
"FE and 
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and Mareh, is full ſouth of the equator, his me- 
ridian erb never leſs than 664 degrees. 


If the pin e an Tahir 'be now 
W out of the equator, and ſet upon any 
place between it and the poles, the horizon will 
not then paſs through either of the poles, nor 
cCoincide with the equator, but cut it obliquely, 
one-half being above, the other half below the 
horizon; the globe in this ſtate is ſaid to be in 
that of an oblique ſphere, of which there are as 
many varieties as there are places between the 
equator and either pole. But one example will 
be ſufficĩient; for whatever appearance happens to 


one place, the ſame, as to kind, happens io 


every other place, differing only in degree, as the 
latitudes differ. Bring the pin, therefore, over 
London, then will the horizon repreſent the 
horizon of London, and in one revolution of the 
earth round the ſun, we ſhall have all the ſolar 
appearances through the four ſeaſons clearly ex- 
hibited, as they really are in nature; that is, the 
earth ſtanding at the firſt degree of Libra, and 
the ſun then entering into Aries, the meridian 
turned to the ſolar ray, and the hour index ſet to 
XII, you will then have the globe ſtanding in 
the ſame poſition towards the ſun, as our earth 
foes at noon on the 2iſt of March. If the 
Oo 4 handle 
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handle be turned round, when the ſolar ray comey 
to the weſtern edge of the horizon, the hour in. 
dex will point VI, which ſhews the time of ſun. 
ſetting ; London then paſſes into, and continucy 
in darkneſs, till the hour index baving paſſed over 
XII hours, comes again to VI, at which time the 
ſolar ray gains the eaſtern edge of the horizon, 
thereby defining the time of ſun-riſing ; ; ſix hours 
afterwards the meridian again comes to the ſolar 
ray, and the hour index points to XII thereby evi- 
dently demonſtrating the equality of the day and 
night, when the ſun is in the equinoctial; you 
may then alſo obſerve, that the ſug ring due eaſt, 
8nd fets due weſt, 


Continuing to moye che handle, you will find 
that the ſolar ray declines from the equator to- 
wards the north, and every day at noon. riſes 
higher upon the graduati ions of the meridian than 
it did before, continually approaching to Lon- 
don, the days at the ſame time growing longer 
and longer, and the ſun riſing and ſetting more 
and more towards the north, till the 21ſt of June, 
when the earth gets into the firſt degree of Capri- 
corn, and the ſun appears in the tropic of Cancer, 
riſing about 40 minutes paſt III in the morn- 
ing, and ſetting about 20 minutes paſt VIII in 
the evening; and after continuing about ſeven 

| hours 


* 
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hours in the nether hemiſphere, appears riſing in 
the north-eaſt as before. From the. 21ſt. of 
June to the 22d of September, the ſun recedes 
to the ſouth,” and the days gradually decreaſe to 
wn 2 ane 59 they 19 9 


bung f the ok . e the an 
continues to decline towards the ſouth pole, till 
the 21ſt of December, when the ſun enters the 
tropic of Capricorn, riſing ' on the. ſouth-eaſt 
point of the compaſs about 20 minutes paſt VIII 
in the morning, and ſetting about 40 minutes 
paſt III in the evening, at the ſouth-weſt point 
upon the horizon; aſter which, the ſun continues 
in the dark hemiſphere ſor 17 bours, and then 
appears again in the ſouth-eaſt, as before. From 
the 21ſt of December the ſun returns towards the 
north, and the days continually increaſe in length 
till the vernal equinox, when all things are re- 
ſtored in the ſame order as at the beginning. 


Thus all the varieties of the ſeaſons, the time 
of ſun riſing and ſetting, and at what point of the 
compaſs ; as alſo the meridian altitude and decli- 
nation eyery day of the year, and duration of twi- . 
light, and to what place the ſun is at any time 

vertical, 
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vertical, -are N 8 89 . e and 
d i E * | 


Bes we an the: an particularly 
nating! from the. motion and poſition of the 
earth, let the globe, with the meridian and hori- 
zon, be removed, and the ivory ball which fits 
upon the we 198 e W to er 
r 


+ 


As the axis of this lobes fands We 
ro the plane of the ecliptic, you will find that the 
ſolar ray continually points at the equator of this 
little ball, and will never deviate to the north or 
fouth; though by turning the handle, the ball is 
made to complete a revolution round the ſun. 
This ſhews that the earth in chis poſition would 
have the days and nights equal in every part of 
the globe, all the year long; and that the variety 
of the ſeaſons is owing to it's axis ny - 
to the plane of it's orbit. 


Or THE Lunar, Fro. 2, PLATE XVIIL 


THaving thus illuſtrated the e which 
ariſe particularly from the inclination of the 
. earth's axis to the plane of the ecliptic, from its 
rotation round it's axis, and reyolution round the 

| ſun; 


ſun; we now proceed to explain, by this inſtru- 
ment, the phænomena of the moon; but in order 
do this, it will be neceſſary to ſpeak firſt of the 
inſtrument, which is put in motion like the pre- 
ceding one, by the teeth on the fixed wheel; it 
is alſo'to be placed upon the ſame" ſocket as the 
tellurian and confined'down' by the ſame milled 
nut; the ſloping ring P'Q'reprefents the plane of 
the moon's orbit, or path, round the earth; ſo 
that the moon in her revolution round the earth 
does not move parallel to the plane of the ecliptic, 
but on this inclined plane; the two points of this 
plane, that are connected by the braſs wire, are 
the nodes, one of which is marked &, for the af 
cending node, the other & for the deſcending 
node. As the moon is ſometimes on the north, and 
ſometimes on the ſouth ſide of the ecliptic, which 
deviations from the ecliptic are called her north 
or ſouth latitude 5 her greateſt deviation, which is 
when ſhe is at her higheſt and loweſt points, 
called her limits, is 5 deg. 18 min.; this, with 
all the other intermediate degrees of latitude, are 
engraved on this ring, beginning at the nodes, 
and numbered both vays from them. At each 
ſide of the nodes we find, at about 18 degrees, 
diſtance from them, a ſun ©, and at about 12 
degrees a moon ), to indicate that when the full 
moon-is got as far from the nodes as the mark D, 
| there 
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chere can then be no eclipſe of the moon, nor any 
eclipſe . of the ſun; when the new moon has paſſed 
the mark O, theſe points are ene termed 
n. 3 


The nodes of che ab fixed at 
the ſame point of the ecliptic, but have a motion 
contrary to the order of the ſigns. TV is a 
ſmall circle parallel to the ecliptic; it is divided 
into 12 ſigns, and each ſigu into 30 degrees; 

this circle is moveable in it's ſocket; and is to be 
ſet by hand, ſo that the fame ſign may be oppo- 
ſite to the ſun, that is marked out by the annual 
index. The moon's nodes are to be ſet to their 
place in this ſmall ecliptic, which place is to be 
found by an ephemeris; RS is a circle, on which 
are divided the days of the moon's'age; XY is 
an ellipſis, to repreſent the moon's elliptical orbit, 

the direct motion of the apogee, or the line of 
the apſides, with the fituation of the elliptical 


orbit of the moon, en inthe 
ecliptic at all times. 


Having rettified the lunarium for uſe, on 
putting it into motion it will be evident, 


1. That 
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[That ehe-moon; by e meckuaiſin of the 
acai eee een 
that of the echptie, and conſequently in an orbit 
r eee ee POP bee 


2. That moves from weſt a. 


+: e 2 he 
moon is always turned towards the ſun, 


4. That the nodes have a revolution contrary 
io the order of the ſigns, that is, from Aries to 
Piſces ; that this revolution i 
en as in nature. 


effected and completed in about 27 f days; where- 
as it is 291 days from one men 
ſun to the next. Atti 


6. That every part of the moon is turned to 
the ſun, in the ſpace of her monthly or periodic 


To be more particular. On turning the handle, 
you will obſerve another motion of the earth, 
which has not yet been ſpoken of, namely, it's 
monthly 
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monthly motion about the common center of 
| gravity, between the earth and moon, which 
center of gravity. is repreſented by the. pin 7. 
From hence we learn, that it is not the center of 
the earth which deſcribes what is called che an- 
nual orbit, but the center of gravity between the 
earth and moon, and that the earth has an irregu- 
lar, vermicular, or ſpiral motion about this cen- 
ter, ſo that it is every month at one time nearer 
to, at another further from the ſun. It is evi- 
dent from the inſtrument, that the moon does not 
regard the center of the earth, but the center of 
gravity as the center of her proper motion. That 
the center of the earth is furtheſt from the ſun at 
new moon, and neareſt at the full moon; that in 
the quadratures the monthly parallax of the earth 
is ſo ſenſible, as to require a particular equation in 
aſtronomical tables. Theſe particulars were firſt 
applied to the orrery, by the late 1 W Mr. 
Benjamin Martin. 


The phaſes of the moon are clearly exhibited 
in this inſtrument ; for we here ſee that half 
which is oppoſite to the ſun is always dark, while 
that which is next to the ſun is white, to repre- 
ſend the illuminated part. Thus when it is new 
moon, you will ſee the whole white part next the 
S and the dark part turned towards the earth, 

a ? ſhewing 


. — 


* 
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ſhewing thereby it's diſappearance, or the time 
of it's conjunction and change: on turning the 
handle, a ſmall portion of the white part will 
begin to be ſeen from the earth, which portion 
will increaſe towards the end of the 7th day, 
when you will perceive that half of the light, and 
half of the dark fide, is turned towards the earth, 
thus illuſtrating the appearance of the moon at 
the firſt quarter. From hence the light fide will 
continually. ſhew itſelf more and more in a gib- 
bous form, till at the end of fourteen days the 
whole white ſide will be turned towards the earth, 
and the dark fide from it, the earth now ſtanding 
in a line between the ſun and moon; and thus 
the inſtrument explains the oppoſition, or full 
moon. On turning the handle again, ſome of 
the ſhaded part will begin to turn towards the 
carth, and the white ſide to turn away from it, 
decreaſing in a gibbous form till the laſt quarter, 
when the moon will appear again as a creſcent, 


which ſhe preſerves till ſhe has attained another 
an r. 


In this lunarium the moon has always the 
ſame face or ſide to the earth, as is evident from 
the ſpots delineated on the ſurface of the ivory 
ball, revolving about it's axis in the courſe of 
one revolution round the earth; in conſequence 


Fa 
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- ef xrhicti, the light anddark pawos the moon 
appear permanent to us, POL Ra ſhewn 
as ents Youu in * heavens. 
W 9113 1002033 4 

{ery be enabled by this re 
to explain fome other circumſtances to his pupil, 
nimely, that as the earth turns round his axis 
once in 24 hours, it muſt in that time exhibir 
every part of it's ſurface to the inhabitants of the 
moon, and therefore it's luminous and opake 
parts will be ſeen by them in conſtant rotation, 
As that half of the earth which is oppoſed to the 
fun is always dark, 'the earth: will exhibit the 
fame phaſes to the lunarians that we do to them, 
only in a contrary order, that when the moon is 
new to us, we ſhall be full to them, and vice ver- 
fa. But as one hemiſphere only of the moon is 
ever turned towards us, it is on to thoſe that 
are in this hemiſphere who can ſee us; our earth 
will appear to them always in one place, or fixed 
in the ſame part of the heavens; the lunatians in 
the oppoſite hemiſphere never ſee our earth, nor 
do weever view the part of the moon that they 
inhabit. The moon's apparent diurnal motion in 
the heavens is produced A the bares en 
* our aan. 


1 
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ir ve conſider the: moon with reſpect to the 
fun, the inſtrument ſhews plainly that one-half 
bf her globe is always enlightened by the fun; 
that every part of the lunar ball is tutned to tlie 
ſari, in the ſpace of her monthly or periodical 
revolutioff, and that therefore the length of the 
day and night in the moon is always the ſame, 
and equal io 144 of our day. When the ſun ſets 
to the lunatians in that hemiſphere next the 
earth, the terreſtrial moon riſes to them, and 
they can thetefore never have any dark night; 
while thoſe in the other hemiſphere can have no 
light by night; but what the ſtars afford. 


The difference between the tient month, 
in which the moon exactly deſcribes the ecliptic, 
and the ſynodical, or time between any two hew 
moons; is here rendered very evident. To ſhew 
this difference, obſerve atany new moon her place 
in the ecliptic, then turn the handle, and wien 
the moon has got to the ſame point in the eclip- 
tic, you will ſee that the dial ſhews 275 days, and 
the moon has finiſhed her periodic revolution. 
But the earth at the ſame time having advanced 
in it's annual path about 27 degrees of the eclip- 
tic, the moon will not have got round in a dire& 
line with the ſun, but will require 28 days and 4 

P p | hours 


* 


594 "DESCRIPTION. AND® uE 
hours more, to bring it into conjuntion with the 
| ſun W 5 7 Fe $3 - of tent Ta 17 Ai 
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bs me is omg in (aired more rwotchy of 
our contemplation, nor any thing more ſublime 
in natural knowledge, than rightly to compre- 
hend thoſe ſudden obſcurations of the heavenly 
bodies, that are termed eclipſes, and the accuracy 
with which they are now ſoretold. One of the 
chief advantages derived by the preſent genera- 
tion, from the improvement and diffuſion of 
philoſophy, is delivery from unneceſſary terror, 
and exemption from falſe alarms. The unuſual 
appearances, whether regular or accidental, 
which once ſpread conſternation over ages of 
ignorance, are now the recreations of inquiſitive 
ſecurity. The ſun is no more lamented when it 
is eclipſed, than when it ſets; and meteors play 
their enen, ee 9 or wm 
We le ee obſerved, ha 4. Cabs is babe 
only real luminary in the ſolar ſyſtem,” and that 
none of the other planets emit any light but what 
they have received from the ſun; that the hemi- 
ſphere which is turned towards the ſun is illumi- 
"ate mT his rays, | . ene is involved 


7 in 
« _ 
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in datkneſs, and projects a ſhadow, which ariſes 
from tht luminous body: 


When the ſhadow ef theo nd falls upon the 
moon, it cauſes an eclipſe of the moon; when 
the ſhadow of the moon falls upon the earth, it 
cauſes an eclipſe of the ſun. 0 

An eclipſe of 3 therefore, never hap- 
pens but when the earth's opake body interpoſes 
between the ſun and the moon, that is, at the 
full moon; and an eclipſe of the ſun never hap- 
pens but when the moon comes in a line between 
nn that is; at the new moon. 


Froth a we kings wang New 100 the inten- 
ment, it appears that the moon is once every 
month in conjunction, and once in oppoſition; 
from hence it would appear, that there ought to 
be two eclipſes, one of the ſun, the other of the 
moon, every month; but this is not the caſe, 
and for two reaſons, firſt, becauſe the orbit of 
the moon is inclined in an angle of about 5 de- 
grees to the plane of the ecliptic; and ſecondly, 
becauſe the nodes of this orbit have a progreflive 
motion, which cauſes them to change their place 
every lunation. Hence it often happens, that at 
the times of oppoſition or conjunction the mgon 
Pp 2 has 


1 
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has ſo much latitude, or what is the ſame thing, 
is ſo much below or above the plane of the eclip- 
ric, that the light of the ſun will in the firſt caſe 
reach the moon, without any obſtacle, and in the 
other the earth; but as the nodes are not fixed, 
but run ſucceſſively through all the ſigns of the 


ecliptic, the moon is often, both at the times of 


conjunction and oppoſition, in or very near the 
plane of the ecliptic ; in theſe caſes an eclipſe 
happens, either of the ſun or moon, according to 
her ſituation. | The whole of this is rendered 
clear by the lunarium, where the wire projecting 


from the earth, ſnews when the moon is above, 


below, or even with the earth, at the times of 
conjunction and oppoſition, and thus when there 


will be, or not, any eclipſes. 


The diſtance of the moon from the earth varies 
ſenſibly with reſpect to the ſun; it does not move 
in a circular, but in an elliptic orbit“ round us, 
the earth being at one of the foci of this curve. 


The longer axis of the lunar orbit is not always 


* 
* 
* * 
1 
F . * 


„That point of her orbit wesen the i 2 theearth, | 
is called her PERICEE ; the oppoſite point, in which ſhe is 
fartheſt off, is called her arocrs. Thele two points are 
called her ars1Dzs, the apogee is the * tho periges 
the lower apſis, 


Lo 
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directed to the ſame point of the heavens, but has 
a movement of it's own, which | is not to be con- 
founded with that of the nodes; for the motion 
of the laſt is contrary to the order of ſigns, but 
that of the line of apſides is in the ſame direction, 
and returns to the ſame point in the heavens in 
about nine years. This motion is illuſtrated in 
the lunarium by means of the braſs ellipſis X , 
which is carried round the earth in little leſs than 
nine years: thus ſhewing the ſituation of the 
elliptical orbit of the moon, and the place of the 
page in the ecliptic. 


Thoſe he wiſh to je the applicyiion. of 
the inſtrument further, may have an apparatus 
applied to it for explaining the Jovian and Satur- 
nian ſyſtems, illuſtrating the motion of their 
ſatellites, and of the ring of Saturn. But as this | 
application would extend the. price of the inftru- 
ment beyond the reach of moſt purchaſers, l 
have thought it would be unneceſſary to deſcribe 
them; the more ſo, as the phænomęna they are 
intended to explain are accurately and clearly 
amen in W introductory works of aſtro. 
nomy, : 


Or Tue PLantTaRIUM, "TELLURIAN,- AND 
LuNnARIUM, REPRESENTED IN PLATE XIX. 

It is unneceſſary to enter into a minute deſcrip- 
tion of this inſtrument, as what has been ſaid 
upon the laſt will apply to this, the difference 
being but ſmall, and that calculated FE — 
the inſtrument leſs PO" en 


It differs from that delinested i in bs, XVII. 
and XVIII. in the 8 9 


1. That the parts do not take off, as in the 
other, for exhibiting t the particular phenomena; i 
but the whole is put in N at the ſame time. 


2. That the part, which iti FE a 60 of 
ail tellurian, is upon a much {maller ſcale than 


that of plate XVIII, 


3. The lunarium wal exhibits the W lll 
motion of the moon round the earth, the inclina- 
tion h the nodes, and the you ON 


Io leſſen the price ſtill more, ſome of theſe 
inſtruments are conſtructed vith no diurnal 
motion to the | rt, 
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This een eee a W 
e or rather as inſerted within an all 
lary ſphere. The planetarium exhibits the mo- 
tion of the earth, and all the primary planets, 
round the ſan-; the paralleliſm of the earth's axis, 
and the moon's motion round the earth, the ſea- 
ſons, &c. may therefore be explained by it; the 
propriety of placing them in a ſphere, is too obvi- 
ous to need explanation; the deſcription of the 
foregoing inſtrument will enable the tutor to uſe 
this with * to 0 hinaſelf, and III to his 
Pee * 


Dujckibiult AND. Usk or THE ARMILLARY 
Senin, Fic. I, Pratt XIII. 


Wboever has ſeen a common mila ſphere. 
and underſtands how to uſe i it, muſt be ſenſible 
that the machine here referred to, ĩs of a very differ- 
ent, and much more advantageous conſtruction. 
And whoever has ſeen the curious glaſs ſphere, 
invented by Dr. Long, or the figure of it in his aſ- 
tronomy, muſt know that the furniture of the 
terreſtrial globe in this machine, the manner of 
tumingeither the earthly globe, orthecircles which 

EP $7 acct ſurround | 
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ſurround i it, are all copied 3 the doctorꝰs glaſs 
ſphere; and that the only difference! is, a parcel 
of rings inſtead of a glaſs « celeſtial globe; and all 
the additions are, a mon within ee 

a {meine upon the mine rok 


The N parts of this La i 5 a com- 


pages of braſs rings, which repreſent the prin; 
cipal circles of the heaven, viz. J. The equi- 
noctial, which is divided into 360 degrees, 
(beginning at it's interſection wich the ecliptic in 
Aries) for ſhewing the ſun's right aſcenſion in 
degrees; and alſo into 24 hours, for ſhewing his 
right aſcenſion in time. 2. The ęcliptic B B, 
which is divided into 12 ſigns, and each ſign into 
Z3o degrees, and alſo into the months and days of 
the year, in ſuch a manner, that the degree or 
point of the ecliptic in which the ſun is, on any 
given day, ſtands over that day in the circle of 
months. 3. The tropic of Cancer CC. 4. The 
arctic circle E, and the antarctic cixcle. F, each 
231 degrees from it's reſpectiye pole at N and 8. 
5. The equinoctial colure G G paſſing through 
the north and ſouth poles of the heaven at N and 
S, and through the equinoctial points Aries and 
Libra, in the ecliptic. 6. The ſolſtitial colure 
HH paſſing ae the pales of the heaven, 

and 


* Fergulon's LeQures, p. 194+ 
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and through the ſolſtitial points Cancer and Cay 
in the ecliptic. Each quarter of the 
former of theſe colures is divided into 90 degrees, 


from the equinoctial to the poles of the world, 
for ſhewing the declination of the ſun, moon, 
and ſtars; and each quarter of the latter, from 
the ecliptic to it's OE ne e G F 
nn 8 


* hb _ ok als ecliptic is a nut 6 to 
which is fixed one end of a quadrantal wire, and 
to the other end. a ſmall ſun Y, which is carried 
round the ecliptic B B, by turning the nut; and 
in the ſouth pole of the ecliptic is a pin at d, on 
which js another quadrantal wire, with a ſmall 
moon Z upon it, which may be moved round by 
hand; but there is a particular contrivance for 
cauſing the moon to move in an orbit which 
croſſes the ecliptig at an angle of 5 degrees, in 
two oppoſite points, called the moon's nodes; 
and alſo for ſhiſting theſe points backward in the 
ecliptic, as the moon's nodes ſhift in the heaven. 


Within theſe, bible rings is a al mel ; 
globe 1, fixed on an axis K K, which extends 
from the north and ſouth poles of the globe, to 
thoſe of the celeſtial ſphere at N and S: on this 
axis is fixed the flat celeſtial meridian L, which 
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may be ſer directiy over eser hi 
place on the globe, and then turned round with 
the globe, ſo as to keep over the ſame meridian 
upom it: this flat meridian is graduated the ſame 
way as the braſs meridian of a common globe, 
and it's uſe is much the ſame. To this globe is 
fitted the moveable horizon M M, fo as to turn 
upon two ſtrong wires proceeding from it's eaſt 
and weſt points to the globe, and entering the 
globe at oppoſite points of it's equator, which is 
a moveable braſs ring let into the globe in a 
groove all around it's equator: the globe may be 
turned by hand within this ring, ſo as to place 
any given meridian upon it, directly under the 
celeſtial meridian L. The horizon is divided 
into 360 degrees all around it's outermoſt edge, 
within which are the points of the compaſs, for 
ſhewing the amplitude of the ſun and moon, both 
in degrees and points. The celeſtial meridian 
LL paſſes through two notches in the north and 
ſouth points of the horizon, as in a common 
globe; but here, if the globe be turned round, 
the horizon and meridian turn with it. At the 
ſouth pole of the ſphere is a circle of 24 hours, 
fixed to the rings, and on the axis is an index 
which goes round that circle, * the 3 = 
en ne it's ee ee eee 


. * 
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The whole ſabric is ſupported on three feet, 
and may be elevated or depreſſed, upon the joint 
O, to any number of degrees from o to qo, by 
means of che arc P, which is fixed into the ſtrong 
braſs arm Q, and ſlides in the upright piece R, 
in which is a ſcrew at r, to fix it at any prope 
elevation. In the box T are two wheels (as in 
Dr. Long's ſphere) and two pinions, - whoſe axes 
come out at a and b; either of which may be 
turned by the milled nuts affixed to them. When 
the nut b is turned, the terreſtrial globe, with 
it's horizon and celeſtial meridian, keep at reſt; 
and the whole ſphere of circles turns round from 
caſt, by ſouth, to weſt, carrying the ſun; Y, and 
moon Z, round the ſame way, and cauſing them 
when the nut a is turned for ward, the ſphere, 
with the ſun and moon, keep at reſt; and the 
earth, with it's horizon and meridian, turn 
round from weſt, by ſouth, to caſt ; and bring 
the ſame points of the horizon to the ſun and 
moon, to which theſe bodies came when the 
earth kept at reſt, and they were carried round 
it, ſhewing that they riſe and ſet in the ſame 
points of the horizon, and at the ſame times in 
the hour circle, whether the motion be in the 
earth, or in the heaven. If the earthly. globe be 
turned, the hour index goes round it's hour Cir= 
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cle; bot if the ſphere be turned, the hour cr 
ayer e er ee ee 


* & 7 


i ſo, by this onfiri ion; d the its i 
equally fitted, to ſhew either the real motion of 
27 earth, or the 1 8 motion of — ne. 


To teRify the ſphere for ue, firſt 8 the 
Kew: r inthe upright ſtem R, and taking hold of 
the arm Q. move it up or doun until the given 
degree of latitude for any pace be at che ſide of 
the ſtem R, and then the axis of the ſphere” will 
be properly elevated, ſo as to ſtand parallel to the 
axis of the world if the machine be ſet north and 
ſouth by a ſmall compals ; this done, count” the 
latitude” from the north pole, upon the celeſtial 
meridian L, down tqwards the north notch of 
the hori ab and ſer the horizon to that latitude ; 
then turn the nut b, until the ſun V comes to 

0 the given day of the year in the eeliptic, and the 
fun will be at it's proper place for that day: find 
the place of the moon's aſcending node, and 
alſo the place of the moon, by an ephemeris, 
and ſet them right accordingly. Laſtly, turn 
the nut b until either the ſun comes to the me- 
ridian L, or until the meridian comes to the ſun, 
W as Ju want the 1 ee . or earth. to 
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3 1 ſet the hour index to the XII marked 
noon, and the whole machine will be rectified. 


Then turn the nut a, and obſerve when the ſun 
or moon riſe and ſet in the horizon, and the hour 
index will ſhew the times thereof for the given 
Flag e f 

Thoſe who underſtand the uſe of the globes, 
will be at no loſs to work many other problems 
by this ſphere. 
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more truly calculated to intereſt and ſur- 
prize mankind, than the meaſurement of the 
relative poſitĩons and diſtances of inacceſſible ob- 
jects. To determine the diſtance of a ſhip, ſeen 
on a remote ſpot. of the unvaried face of the 


ocean ; to aſcertain the height of the clouds and · 


meteors which float in the inviſible fluid above 


our heads j or to ſnhew with certainty the won 


derful dimenſions of the ſun and other bodies in 
the heavens, are among the numerous problems: | 
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abſolutely conſidered, and the ſecond to an angle. 


many caſes the diſtance cannot be-direfly found; 
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which to the vulgar appear far beyond is reach 


of human art, but are nevertheleſs truly reſolved 
by the incontrovertible principles of the mathe. 
maties. Theſe principles, ſimple inthemſelves, 
and eaſy to be underſtood, are applied to the 
conſtruction of a variety of inſtruments; and the 


following pages contain an account of their uſe 
OO ENS) 


Tie potion of any. ed, with- read: to a 


ſpectator, can be conſidered in no more than two 


ways ; namely, as to it's diſtance, or the length 


of a line ſappoſed to be drawn from the eye to the 


object; and as to it's direction, or the ſituation of 


that line with reſpect to any other lines of direc- 
tion: or in other words, whether it lies to the 


right or left, above or below thoſe lines. The 
firſt of theſe two modes bears relation to a line 


I is evident that the diſtance can be directly 
come at by no other means than by meaſuring it, 
or ſucceſſively applying ſome known ancafure 
along the line in queſtion; and therefore, that in 


but the poſition of the line, or the angle it ſorms, 


with ſome other aſſumed line, may be readily 
; aſcertained, provided this lafl line do-likewiſc 
E e Nom the 


Wh” 


or dur QUADRANT, Ke. Gat 


A ˖ 
conſiſts in finding their lengths, from the con- 
ſideration of angles, obſerved about ſome other 
line, whoſe length can be ſubmitted to actual 
ee nn en 
0 ſhew. eine ns 


Win 
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of compaſſes. If the legs of this inſſrument 
vere mathematical lines, they would form an 


angle greater or leſs, in proportion to the ſpace 


the points would have paſſed through in their 


opening. Buppoſe an atc of a circle to be placed 
in ſuch a manner, as to be paſſed over by theſe 
points, then the angles will be in proportion to 
the parts of the are paſfed over; and ii the whole 
circle be divided into any number of equal parts, 
as for example, 360, the number of theſe com- 
prehended between the points of the compaſſes, 
will denote the magnitude of the angle. This is 


ſtance which beginmers are not often ſufficiently 
aware of, and which therefore requires to be well 
attended t: it is, chat the angle will be neither 
enlarged nor diminiſhed by any c in the 
length of the logs, provided their poſition remains 
unaltered z- becauſe. it is the inclination of the 


lg, and nos chelr diſtance dum each, or the | 
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ſpace between them, which-cotftini: ce an- 
gle: So ihat if a pair of compaſſes, vich very 
long legs, were” opened to the | ſame angle as 
another ſmaller pair, the intervals between their 

reſpeQive points would be very different; but the 
number of degrees on the circles, ſuppoſed to be 
applied to each, would be equal, becauſe the 
degrees themſelves on tlie ſmaller circle would be 
exactly proportioned to the ſhortneſs of the legs. 
This property renders the admeaſurement of 
angles very eaſy; becauſe the diameter of the 
meaſuring circle Fe be wed tn as. 


. eee limited ee 
Il bey be made very large, they are difficule to 
manage, and their weight bearing a high pro- 
portion to their ſtrength, renders them liable to 
very ſmall, the errors of conſtructiom and gradu- 
ation amount to more: conſiderable: eee ihe 
diviſions on the limbs of the inſtrument.” 
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fufficieny'to meaſure all anglesformed between a 
fine perpendicular to the horizon, and other 
lines which are not directed to points below the 
level. Fig. 1, pl. XX. is a drawing of a very ſimple 
and uſeſul inftrament of this kind. A B C is a 
quadrant mounted on an axis and pedeſtal: by 
means of the axis, it may be immediately placed 
in any vertical poſition, and the pedeſtal being 
moveable in the axis of the circle E E, ſerves to 
place it in the direction of any azimuth,: or to- 
wards any point of the compaſs.” The limb A B 
from A; and upon the radius B Care fixed tuo 
ſights, of which B is perforated with a ſmall hole, 
and is provided with a dark glaſs, to defend the 
eye from the ſun s light; and the other ſight C 
has a larger hole, furniſhed with croſs wires, and 
alſo a ſmmaller, Which is of uſe to take the ſun's 
altitude by the projection of the bright image of 
that luminary upon the oppoſite ſight. From 
the center C hangs a plumb line C P. The hori- 


2ontal circle F E is divided into four quadrants 


of go degrees: and an arm E, connected with the 
pedeſtal, moves along the limb, and conſequent- 
ly ſhews the'pofition of the place of the quadrant, 
3 will hereafter be more minutely explained. 
Laſtly, theſſerews G, H. I. render it very eaſy to 
" _ le | ſteadily and accurately in 
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| The anna of this enim oy Gor 
he obvious. It is uſed o meaſure the angulac 
[diſtance of any body, or appearance, either from 
the zenith or point immediately above ourheads, 
or from the horizon or level. The plum line 
C P, if continued upwards from C, would be 
directed to the zenith Z; and the line C L, fup- 
poſe to be drawn from the center of thequadrant 
0 an object L, will form an angle LC Z, which 
B C P. formed between the oppoſite patts of the 
lame lines. We ſee, therefore, that the degrees 
on the arc, camprehended on the limb of the 
quadrant, between the plutub line and the ex- 
tremities op ping WA as ee 
Is L NT N 


ene 
ith the perpendicular C Z) is level, ur hori- 
ꝛontal ; the angle LC K muſt therefore be the 
altitude or eleyat ion of L above the horizon : and 
this laſt angle muſt be equal to the angle mea- 
ſured between the plumb line and the end A 
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equal /t9;tho quantity which would he leſt, after 
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it's place, becauſe the object may be placed in 
any direction with reſpect to azimuth, or the 
points of the compaſs, without increaſe or dimi- 
nution of it's altitude. Hence it is that an 
borizontal graduated circle is a neceſſary addition 
to a quadrant which is not intended to be always 
uſed in the ſame plane. The bearing or poſition 
of an object relative to the cardinal points, toge · 
e -en e 0p JOUR tas 
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The quidrant is adjuſted 65 . when 
it's plane continues perpendicular to the horizon, 
nl potion of the line of fight, For this pur- 
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-,.- an Bring che index te 0. n dhe wn 
urn one or both. of the ſcrews hich are fixed 
oppoſite 6075 till the plumb line lightly touches 
the plane of the quadrant. Then turn the index 

to oi, and make the ſame adjuſtment, hy means 
of the ſcrew at o, 1 the neee 
N TION: / Ny CLF N ge 43 4% N 
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 Orotherwiſe, FR eee and obſerye 
the degree marked by the plumb line on the limb: 
then turn the index to the other o hich is dia- 
metrically oppoſite, and obſerye the degree 
marked by the plumb line; if it be the ſame a8 
before, there will be no occaſion to alter the 
| ſcrews at 60; but if otherwiſe, one ar both of 
thoſe ſcrews muſſ be tuned, till the plumb line 
interſects the middle degree (or part) between the 
. two. After this operation, the degree marked 
by the plumb line muſt be obſerved, as before, 
by ſetting the index at boch the 9, and the ad- 
juſtment of the plumb line to the middle diſtance 
„ wg e 
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is level, and place a viſible mark on each. The 

diſtance between them ought not to be leſs than 
the ſeventh or eighth part of the eſtimated 
diſtance of the object; and neither ſtation ought 
to be conſiderably nearer the object than the 
other, Meaſure the diſtance between the ſta- 
tions, by means of meaſuring poles, a chain, or 
a piece of ſtretched cork. From one tation 
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* The larger or more expenſive inftruments have apps- 


ratus for ſetting the axes. of motion at right angles to the 
planes of the horizontal circle and quadrant, the line of fight 
or collimation parallel to the radius paſſing through 90, 
&. Kc. In the ſmall inſtruments, deſcribed in the text, 
rele adjuſtments are made by the workman, 
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| dire ide quadrant, 10 the object, by looking 
tough the hole in one ſight, and moving the 
upright axis about, till the object is ſeen threugh 
the hole in the other, exactly at the interſection 
of the croſs wires. Obſerve the degrees and 
parts ſhewn by the index on the horizontal cir- 


cle; then direct the quadrant in the ſame manner 


to the mark of the other ſtation, and ohſerve the 
degrees and parts ſhewn by the index. - The 


this and the former poſition of the index, is the 
angle at the firſt ſtation, The ſame operations 
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Lahe the bum of the two Wan angles from 
90) and the. remainder will be the angle under 
which the two e e be ſeen from 
_ the object. Then (2393 6 X26 


As the ſine of the angle at the object 
ls to the fine of the angle at one ſtation ; 


So is the diſtance between the ſtations 
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Theſe; and all other! proponions, may be 
ſolved by the logarithms, or more ſpeedily by 
the Gunter's'qule- 5752 T4 03 227. 125 il - S © 
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SorvTION or THE PROBLEM BY ProOTRACTION. 
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paſſes and line of chords, draw a line fromm each F 
extremity of the baſe, reſpectively 2 88 9 
nnn 1 78 KD . 

Nr theſe line ll 000 ex p T 3 

| The ren diva eee +, 
and one extremity of the baſe, being taken be- = 
tween the compaſſea, and applied to the line of .\ 8 
equal parts, will ſhew the diſtance berween the b 
object and the Ration Win by that ex- 
tremity. „ UNS MW ele int 277 0 
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This problem may, in caſes of malt diſtance, 
be cotweniently. applied to a buſt line meaſured 
within a room, and the obſercutions taken out dt 
the windows, 
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The ſolution” ol this pee yy confiſts in 
making obſervations on the ſummit, in the lien: 
manner as in the foregoing problem. The 
diſtance deduced from the horizontal angles will 
be that of a point in the horizon, immediately 

een on: which the obſervations were 

made. Ar en N ag? . er 
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drant, by viewing the ſummit through the ſights, 
and noting the degrees and parts indicated by the 
| ae. of the W line. Meaſure _ 2 
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4 he co-ſine of the obſerved angle l 4 
Is to the fine of the obſerved angle; 
So is the meaſured diſtance | tel 43 uti 10/0 
To * 21] " let Lox 6 
n 8 5 
to the meaſured baſe, taken from a ſcale of equal 
parts. 
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Edt a perpendicular from one extremity, 
and from the other draw a line inclined towards 
the . and on 5a with the 
nm W en, angle.” 80 * n 
| 42 il: S007 

The 4 between the interſe&tion of this 
laſt line, and the perpendicular, and the lower 
extremity of the perpendicular itſelf, ns. taken 


in the compaſſes, and applied to the line of equal 


Net 5417 0 


parts, will ſhew The height required.” e i 
uin hid 231 © 04G - 


% 
* 


1 Hob: TR 1 « i ; 


Caſe 2. When the diſtance of the me 


» i Fl ; J 
A $4 # a5 py * 7 % . i 5 * +: 9 — 
4 i eilen b 90 


1 y p 
* * — " * + #% » a 
x 115 22 7” A 
* 1 I $ x F® ren 2 : a ; * 1 3 a of | + 1 2 p 375 
| 1 15 : i 1 1 2 1 r ? TY #. LJ 19 . I e 21 „ * 
. 


*. * f 1 . * - x 

« 4 - . « * 5 a 4 f Ws. 0 2 4 = 

TH$ {4 +. $08 4 ne 77 26773 6H aan 
" LS . 


N 
4 
N 
5 
4 
| 
1 
4 
3 


. 


6 cura aun vor 


Find nn lil, and the height 
e e re 
wiſe, — i eine i) e 


a 1s Hr ome 49336 ES. ; 
Meaſure a baſe ha . 
3eQ, and take the altitude frum tach end of the 
baſe. | * 5 
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As the ſines of the difference between the ſum of 
ds the two altitudes, and 180%, .. 3 
Are to the ſine of che leſs altitude; 7 0009110 th 

80 i 1 the baſe. line... 1 olerriodTn: 


To the direct diſtance between the, ſypamit and 
| the nearer end of the bale line, | 
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Ts to the fine of the greater WE. 
So is the diſtance laſt found _ 


Je the height required. 
Or by conftrition;” Set off tlie baſe line, and 


from it's extremities draw lines inclined to the 
baſe in the reſpective angles obſerved, but in ſuch 
a manner, as that the leſs angle may be formed by 
8 1 85 the 
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dicular on the Re: of the _ m_—_— 

The firſt if method of Bling this eſs oi gens: 
ral the beſt in practice. It is for the moſt part 
much more eaſy to find à baſe ſufficiently long 
and level between two ſtations, nearly equi-diſtant 
from the eminence, as the firſt requires, than in 
a direction towards it, becauſe the ground uſually 
riſes irregularly towards mountains. And in the 
latter caſe alſo, if the difference between the two 
altitudes be not very conſiderable, the reſult will 
be rendered erroneous by a very mall 1 accuracy 
of obſervation. 8 
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der ep s in ieee 
meaſure a line in the field in ſuch" a direction, S 
that it may be as far as poſſible from pointing to- 
wards any of the angles. Direct the ſights from 
one end of the baſe to each of the angles ſuc- 
ceſſiyely, and alſo to the other extremity of the 
baſe, carefully noting the degrees and parts of 
the horizontal circle, indicated by the index. 
Repeat the like eg at the other end of the 
. „i elt ae % te een e 
| | | SHB} Kt Hd S087 FS; 
" Cooling: "Dow a. faint, 3 paper, 
upon which ſet off, from a ſcale of equal parts, 
the meaſured baſe. From it's extremities draw 
lines, forming the reſpective angles obſe 
The interſections of thoſe lines will ſhew. the.cor= 
nus, or angles, 956360 and muſt. be joined | 
by POW e WOE UN) Nh Tom of _— 
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"This N being nat more than a e- 
termination of the poſition of the angular points 
with reſpect to the baſe line, by prob. 1, will be 
more accurate in prablice, the more nearly the 
conditions there expreſſed are adhered to. If a 
baſe line cannot be had in view of all the angles, 
and in a. convenient poſitibh, two or more baſe 
lines may be meaſured, and connected together 
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by the obſifvation of the requiſite antes; or the 


three ſides of a ttiangle may be meaſured in the 


field, according ro the diſcretion of the ingenious 
learner, and the bearings of the corners of the 
field taken from ſuch extremities of any of theſe 
meaſured? worms as are e beſt N egy to the pur- 
r e fg 35, 
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As this — is 5 fir froth! being labori- 


bus, the practitioner will do well to meaſure the 
ep whit EN. A different baſe each 378570 
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* It 2 eee for the aſe of fuch u are 


unacquainted with ſurveying of land, that the Engliſh acre 


is 4840 ſquate yards, and that land is moſt conveniently 


meaſured by the Gunter chain of 24 yards in length, di- 


vided into 100 links; becauſe the ſquare cham, or 22 mul- 
liplied by 24, equal to 484, is exactly the tenth part of an 
acre, I the plot of a keld meaſured in chains and links, be 
therefore made upon paper; and divided into a number of 
triangles; by drawing right lines within it, the baſe and 


perpendicular of each triangle may be meaſured from the 


ſcale of equal parts, and half their product will be the area 


of the triangle in ſquare chains the ſum of all the arcas of | 


the triangles will be the area of the field, which divided by 
10, will ſhew the number of acres; the remaining decimal 
fraction multiplied by 4, gives the roods; and the decimal 


part of this laſt produtt multiplied by 40, gives the perches. 
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Set up marks at each of the angles, and at 
every one of theſe marks direct the quadrant to 
the two adjacent marks on each ſide. The num- 
ber of degrees and parts between the two po- 
ſitions of the index on the horizontal circle, will 

ſhew the angle at the ſtation where the obſerva- 
tion is made. Meaſure the diſtance to the next 
ſtation, and obſerve the angle there in the ſame 
manner. And thus Fart, ks.” id 
the field. 
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| Confiruttion, "A is ſcale of 6551 parts 
draw a line equal to the firſt meaſured fide, 
and from it's extremities draw two lines, forming 
ages vans to thai ont ROE: 15 

Make theſe laſt lines 8 to the es * 
repreſent, and from their extremities draw two 


other lines at _ OY Ag _ 
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- vation. 42 . & 
| 80 thus, till the whole field is plotted. 
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wi all the angles of a field are 1 mea- 
ſured, their ſum, if the operation has been truly 
made; will be equal to twice as many tight an- 
gles, deducting four, as there are angles in all, 

provided they be all inward angles. But if any 
© ale ee their reſpective ſup- 
plements to 360 muſt be taken in making up 
the ſum, inſtead of the angles themſelves. When 
the ſum proves either greater or leſs than juſt the 
figure, it will not anſwer on paper; and as obſer- 
vations made with ſmall inflruments cannot bo 


or Ales sinchen to. or from 
all the angles, in proportion to their magnitude, 
or more readily in _ Supre DOE 
them. © e nl ä 
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W 
America, by the meaſuring; wheel and mariner's | 
compaſs, and is applicable to extenſive woody or 
mountainous tracts of land, where great accuracy | 
is not required. It may alſo be uſed in con- 
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1 Ee PROBLEM vII. 


To find the A0 Hank Aba fi 15 belle and 
other "meteors," A act | 


Though the entreme e and . 
nature of fiery meteors in the atmoſphere in a 
great meafure prevents the making of ſuch ob- 
fervations - as might tend to aſcertain their 
diſtance, yet they form a ſubje&-of inquiry 6 
_ eurious and intereſting, as renders ſuch as can be 
made of great value. An ohſerver, Who per- 
eeives an appearance of this kind; ought carefully 
to note tbe buildings, trees, ſtars, &c. near 
which it paſſes; and as ſoon aſterwards as con- 
venient take their altitude and bearings. If tve 
fach obſervations be taken by perſons at different 
places, ſufficiently diſtant from each other, the 
_ diſtance on the earth may be conſidered as the 
baſe, and from this and the two obſerved angles 
15 bre ee e eee e 
n, ii. N 


eee eee 
that the larger fire balls are elevated about 60 
miles above the earth's ſurface, and that ſome 
of chem are near five miles in diameter. 
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If the altitude of that part of a cloud from 
which a flaſh of lightning has iſſued, be imme - 
diately taken with the quadrant, and the number 
of ſeconds of time elapſed between the inſtant of 
the flaſh, and the firſt arrival of the thunder be 
reckoned, theſe data will be ſufficient to deter- 
mine the height of the thunder cloud. For 
ſound is admitted to paſs through 1142 feet in 

a ſecond; but light has ſuch an extreme velocity, 
that it paſſes through thirty - five thouſand miles 
in a ſecond, and may therefore be reckoned in- 
ſtantaneous in all obſervations upon the earth, 
Hence it follows, that the number of ſeconds 
obſerved, multiplied by 1142, will de the 
diſtatice of he e and 
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Is to the ſine of the obſerved angle; 

80 is the diſtance of the cloud l TI 
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Or by conſtruction. From a point in any 
right line, draw another right line, forming the 
the angular point, the diſtance of the cloud, 

taken from a ſcale of equal parts. From the . 
treme of the laſt- mentioned line let fall a perpen 
dicular pn the other line:; and ae papers 
"fl be the height imd 1 e 


11 the flaſh of ligkning duke diredly - ==" 
11 height of the eloud vill alſo be the og of the 
lk: But this is not often Weg. hy nt 


. 7 Os, 6 tt 


F e IX... 4k Net IN 


a * | » * * £ WORM 5 1 


? 
_ ue ® i Fe "4 £3.09 Se 


To W e the height of a N harr 
Now on it's altitude and. Von 


| When the 1 55 abounds wich detached SS 
moving with conſiderable yelocity, i it is eaſy to 
determine the degree of ſwiſtneſs, by obſerving 
the progreſs of their ſhadows which .ppſs along 
the ground. For this purpaſe,. nothing more is 
neceſſary, than to note the inſtants of time when 
one of theſe ſhadows paſſes oyer two. | objects, 
ſuch as hedges, trees, &c. lying in it's direction: 
and to meaſure the interval paſſed oyer, during 
the intermediate time, bs, this gy is 
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8 place the plane of the quadrant in the 
direction of the wind, and ſetting the ſights to a 
conſiderable altitude, to be written down, take 
notice of ſome / remarkable. edge of a cloud, 
the fartheſt ſight, giving notice at the ſame in- 
ſtant to an aſſiſtant to note the time. Then move 
the quadrant on it's axis twenty or thirty degrees, 
and give the like notice to the aſſiſlant when the 

ſame part of the cloud paſſes the wire; write 
down this laſt altitude. The perpendicular 
height of the cloud will be found 85 the . 


proportions- (VER 3 6 


As the number wh pa ws when the 
ſhadow of the former cloud was ſcen on 

the ground 

Is to the number of Winds e between the 

to obſervations with the quadrant; 

So is the diſtance meaſured on the ground 

To. the diſtance paſſed through by the cloud 
_ (whoſe alritude Was taken) during the time 
nt Ms 
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So is the qiſtance paſſed over by the cloud 
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So is the diſtance laſt ſound 
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To ind the glide of the A ai any other 
nt e es te 
quadrant to a celeſtial body, inthe fame manner 
as has already been ſhewn with regard to terreſtrial 
bien. The quadrant being rectified or adjuſted 
by problem 1, as it muſt be in all caſes previous 
to it's uſe, the celeſtial body muſt be viewed 


through the ſights, and the Plumb-line will ſhew 
55 923 it's 


$ . 
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| {e's altitude on the gradyared limb of the-inftry. 8 
ment. If the obſeryation be made on the ſun, 
the dark glaſs muſt be uſed to defend the eye, 
or the luminous ſpoteſormed by the ſmaller hole 


of that fight whit carries the croſs wires, muſt 


be made to fall on the mark on the other _ 
GN ae a va he ga 
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To find the unde of he bureau. 


When the ſun, W in nearly on the me» 
ridian, or a few minutes before twelve at noon, 
take it's altitude, and repeat this operation at 
ſhort intervals of time, till it is found not to in. 
creaſe, but diminiſh, This laſt pr greateſt a 
tude is the meridian altitude. 
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altitude juthe weren enen the pole, 


The role for e the dae by the me- ; 
ridian altitude e MAI 15 on] | 
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634. Y 
If the co- altitude and dec lination *-be:of the 
ame name, (that is, either both north, or boch 
ſouth) their difference will be the latitude if of 
different narnes, their ſum will be the latitude. 
And che latitude will always be of the ſume name 
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b with the declination, excepting hen the decli- 
nation ep ſubtracted WO ESne. 
But when en is beneath the pole, the 
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10 elde time by equal dra; of: | 


Obſerve the ſun's Atte in the gang, 
alſo the time by a clock or watch. Leave "7 
| quadrant in the ſame ſituation, taking care that 
it's pofition be not altered by any accident; and 

in the afternoon direR it to the ſun, by” moving 
the index of the horizontal circle only.” ane the 
time 


The declination of the ſun, and moſt other Ae | 
celeſtial bodies, is to be found in the ephenorytes 
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n dene ee 1 in the man 
of a "ry the time of apparent ngon. 
Correct this, by adding or ſubtracting the equa- 
tion of time, and it will ſhew the time of true 
but if it differ, the clock is faſter. or lower, by 
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To draw a meridian line, 0 or to find the cardinal 


5 ” © Js 


points of the compaſs, by ws ee of 
ie ſun, * ſtar. l e EH. #5 


uh —_ 1 of hn 5 Fa pi * 
directed i in the foregoing. problem, and the place 
of the index on the horizon circle be carefully 
noted at each time of obſervation, ; the middle 
degree or part between each will be the place 
»here the index will ſtand when the ſights of he 
quadrant are directed to the ſouth, or north, ac- 
cording as the ſun is to the ſouthward or north- 
ard of the place of obſervation at noon. Set 


by n to. this migd W 
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| ſights'of the hd to Wiswülne te fixed 
Vbject on the earth. This object will be a ſouth 
meridian mark, and will ſerve to ſet the quadrant 
at any future time. Then take up the inſt ru- 
ment, and aſter ſetting the index to o, place it 
again on the table, or ſupport,” and move the 
V hole inſtrument, not by any of it's parts, but 
entirely about upon the table, till the ſights are 


truly directed to the meridian mark. Adjuſt the 


horizontal circle by prob. 1, and the index will 

then ſerve to ſhew the true bearing of any Bs 

becauſe the diameter j Joining the two Zeros, or 
00's, anſwers to the ee line. | 


If the ral or ſupport, be inimoreable, it 
will be proper to make three marks, or indenta- 
tions, to receive the points of the ſcrews ;' by 
which megns the horizontal circle may be in- 
ftantly; at any time, ſer in it's proper poſition, 
with felpet'g io the nee ping Wil the en 


Obffervations _ Fey alrirude are, ; eh 
' ſpeaking; better, the greater the interval is be- 
tween them, not exceeding 12 hours; and theſe 
obſeryations on the ſun require ſome correction, 
on account of the change of it's declination 
during the time of obſervation. The young 
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ben ib bind ided it is of liitle conſe- 
_— enen, when ha fan: det. 


* a 3 that 3 is bot any pr — 
in a houſe, from which the ſun can be ſeen 


morning and evening. In this caſe, the meridian 
may be determined by obſervations of equal alti- 


tude of the pole ſtar, or any other near the pole. 


PROBLEM XIV; : 


To find the time by the ſun's tranſit over the 


Aduſt the quadrant to the cardinal points by 
the laſt problem, a ſhort time before noon. Set 
the index to o, and elevate the quadrant, fo that 
the ſhadow of the ſight with the croſs wires may 
fall upon the other. As the inſtant of apparent 
noon approaches, the bright ſpot formed by the 
ſun's light through the lower hole in the former 
fight, will be ſeen approaching the mark on the 
latter, If the obſerver chuſes to look at the fun, 
he muſt now put up the dark glaſs, and apply to 
the obſervations. The inſtants when the, firſt 
limb or edge of the fun appears to touch the per- 


rauen wire, and alſo when the latter imd 
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watch. The middle time is the apparent noon, 
Or if he chuſes to obſerve by the bright ſpot 
only, the inſtant when the ſpot is ſeen upon the 
mark is the apparent noon. And this corrected 


dy the equation of time, as directed in prob. xii, 
Vill t ow mr N ee or flow. 
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and obſerve the ſun's altitude. Take notice like- 


wiſe of the Won of nn from the —_— 
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So is the ſine of the azimuth... „ 


e Rabat be- hrary angle, 


Which laſt EY acl into time, by —.— 
ing en degrees io one hour, and in propor- 
tion for the other parts, gives the apparent ww; 
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kate tete de l bebe dunn, it muſt be de- 
ducted from 12 hours, to give the time. This 


apparent time muſt be corrected. A the nn | 
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The plumb-line, or direction in which gravity 
acts, being the only line we can at all times have 
immediate recourſe to, for determining the 
poſitions of -objefts, is the chief particular to 
which the circles in the inſtrument laſt deſcribed 


are adapted ;- and accordingly, their planes are 
placed the one parallel, and the other perpendicu- 


lar to.that line. But as there are ſew places on 


the earth whoſe vertical or horizontal circles cor-. 
reſpond with thoſe in which the celeſtial motions 


are performed, it was found neceſſary, at a very 


early period, to conſtruct inſtruments adapted 


not only to the meaſurement of altitudes and azi- 
muths, but alſo to follow the heavenly bodies in 


their reſpective paths, and determine their right - 


aſcenſions and declinations, more immediately 


than can be done by the quadrant and horizontal 


circle, The equatorial is the moſt approved 


modern inſtrument a rn TS. 1 
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divided, like that of the formet inſtrument, into 
four quadrants, of 90 each. But inſtead of 3 
- moveable index there is a fixed nonius plate at E, 

and the circle itſelf may be turned on it's axis. 
In che center of the horizontal eirele · is fixed a 
ſtrong upright pillar, which ſupports the center 
of a vertical femicircle A B, divided into two 
- quadrants of yo* each. This is called the ſemi- 
circle of altitude, and ſupplies the place of the 
quadrant in the former inſtrument, but it is more 
extenſively uſeful, becauſe one quadrant ſerves to 
meaſure altitudes, and the other depreſſions. It 
has 00 Panne, but ra | ang at We 20 


At right angles to the plane of this: kalle 
the equatorial circle M N is firmly fixed. It fe- 
preſents the equator, and is divided into twice 
twelve hours, every hour being divided | into 

tyerys parts, of five minute each. 8 0 


1 the 3 circle moves Aber cir- 
cle, with a chamfered edge, carrying, à nonius, 
by which the diviſions on the equatorial may be 


+: . 
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read off to ſingle minutes; and at right angles. to. 


this moveable Circle | is fixed 15 ſemicircle of de- 
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to an index moveable on the ſemicircle of declina- 
tion, and carrying a nonius at Q. The fight O, 
to which the eye is to be applied, has two ſmall 
| holes, and a dark glaſs for covering either oc- 
cafionally ; ; and the fight P has two pieces ſcrewed 
on, the lower having a ſmall hole to admit the 


ſolar ny, and the upper Carries two croſs wires. 176 


Laftly, there are two ſpirit levels fixed on he 
horizontal circle at right a to > cack. aber. a 


| The following a are among the many problems 
which may be. ſolved with peculiar my; by 
means of this uſeful inſtrument, | 


$ 
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To Vault the equatorial for obſervation. 


Set the or: on a firm nd Firſt, 
to adjuſt the levels, and the horizontal or doch 
circle, Turn the horizontal circle, till the 
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| EE? of the diviſions" coincides withthe 
middle ſtroke of the noniue, or ear it. It this 

ſituation, öne of the levels vill be found to lie 
either in a right line joining the two feet ſcrews. 
which are neareſt the nonius, or elſe parallel to 

"fuch a Tight Tine. "By 1 means of the two laſt- 

mentioned ſcrews, cauſe the bubble in the level 

to become Nationary th the middle of the glaſs; 

" then turn the horizontal circle” bat round, | by 

"bubble remains in "the middle, as 'before; "the 
Wy level is well adjuſted ; ; if it does not, co correct the 
poſition of the level, by turning one or both of 
the ſcrews which: paſs through it's ends, (by 
means of a turn · crew) till the bubble has moved 
half the diſtance it ought to come to reach the 
middle; and cauſe it to move the other half, by 
turning the foot-ſcrews already mentioned. Re- 
turn the horizontal cirele to it's firft poſition, 
and if the adjuſtments have been well made, the 
< bubble will remain in- the middle; if otherwiſc, 
the proceſs of altering the level and the foot- 

ſcrews, with the reverſing, muſt be 1 rei till 

it bears this proof of it's accuracy. Then turn 
the horizontal circle till go* ſtands oppoſite to the 
© nonius ; and by the foot-ſcrew, immediately op- 


ae. the other 90“, N touching tbe 
others) 


* 
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1 cauſe the. bubble of the ſame level to 
ſtand in the middle of the glaſs. Laſily, by. it's 
own proper, ſerews ſet the other leyel (not yet 


attended to), ſo that it's bubble may occury the 


middle of it's glaſs. 


S ed the 5 of Sue, Fog 


nonius on, the declination ſemicircle at O; the 
nonius on the horary circle at VI; and the nonius 


on the. ſemicircle of altitude at 90. Logk 


. through the ſights towards ſome part of the hori- 


20n, where there is a diverſity of remote objects. 


Level the horizontal circle, and then obſerye 


vhat obje& appears on the center of the croſs 


uvires. Reverſe the ſemicircle of altitude, ſo 


that the other, 90*:roay. apply to the nonius ; 
taking care, at the ſame time, that the other 


. three. noniuſes continue: at the ſame parts of their 
reſpective graduations as before. If the remote 
object continues ta be ſeen on the center of the | 


croſs wires, the, line of ſight is truly adjuſted ; 


but if not, unſcrew the two ſcrews which carry 


the frame of the croſs wires, and move the frame 


till the interſeRion appears to lie on a yew object, 
half yay between the object firſt oþſgrved, and 


that to which the, wires are a ipplied in the laſt 


- poſition. Return the ſemicircle * altitude to Y 's 


"original poſition ; if the, interſection of the | wires 
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de then found to be on the object to which 655 
were laft directed, the line of fight” is truly ad- 
Juſled ; but if not, the frame muſt be again altered 
as before: and the fame general operation muſt be 
repeated, till the croſs wires in both Poſitions 


| apply to the Wr OS 


ABT: * £2 0 — . 47 4 9g 
af 


| Betas i this Lilac & the de ib. 
"ſection, it is neceſſary that one of the wires ſhould 
'bein the plane of the declination' ſemicircle, and 
"the other at right angles to that plane. As the 
wires are fixed at right angles to each other, the 


aquſiment of one of them will be ſufficient. ' For 
this purpoſe, obſerve any ſmall object on one of 
"the wires: if it be the vertical wire, move the 


index of the ſemicircle of declination; "or if the 


| other, move the laſt-· mentioned ſemicircle on the 


* 


from it's 's achuſtment. * 9 a 21S $4 Sk is 2 70 


axis of the equatorial circle. In either caſe the 
objeck will coiricide with the wire deins it's mo- 
tion, if the poſition be night: if not, alter that 
poſition, taking care not to diſplace we center 
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10 adjust the piece which carries the hole for 
fordung che ſolar ſpot, direct the ſights to the 
- ſun, ſo that the center of the luminous circle 
formed by the aperture which carries the croſs 


; | vires, may fall preciſely on the e ans 


NT ; Then 


* 
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Then noi the frame, with che ſmall perfurntion,:. | 
till the ſolar ſpot hs r on the s n 1 


hole. 


Thirdly, to find the correction to be 1 
to obſervations by the ſemicircle of altitude. 


and the bobs on, the m circle to XII. 
Direct the ſights to any fixed and diſtinct object, 


by moving the horizontal circle and ſemicircle of 


altitude, and nothing elſe. Note the degree and 


minute of altitude or depreſſion. Reverſe the ; 
declination ſemicircle, by directing 1 the nonius on. 


the horary circle to the oppoſite XII. Direct 


the ſights again to the ſame object, by means of 
the horizontal circle and ſemicircle. of altitude, | 
as before. If at's altitude, or depreſſion, be the 


fame as was obſerved in the other poſition, no no 
correction will be required; but if otherwiſe, 


half the difference of the tw-o angles is the correc- 


tion to be added to all obſervations or reQtifica- 
tions made with that quadrant, or half of the 
ſemicircle, which ſhewed the leaſt angle; or to 
be ſubtraQted from all obſervations or 8 
tions made with the other quadrant, or half. 


When ie jk dad ere * 5 are hs truly 


ſet, they will preſerve their adjuſtment a long | 
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| tine, if not devinge? by violence and the W 
rection to be applied to nn of en ; 
is A _— quantity. 88 . 
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To meaſure wee ener of amen aue. 


Set the «gl alle ef üs W doe 4. 
clination at O, and fix ĩt by means of the milled 
ſcrew behind, Set the horary eirele at VII on 
the equator, and the inſtrutnent (previsuſſy ad- 
juſted) is ready for obſer vation. Then if che 
fights be directed ſucceſſwely to any two objects, 
the degrees and minutes contained between the 
two poſitions of the nonius, on the limb of the 
horizontal circle, will ſne the horizontal angle 
in the ſame manner as has been deſcribetꝭ at prob. 
il. of the quadrant. And likewiſe, if the ſights 
be directed to any object, by moving the horĩzon- 
tal circle and ſemicircle of altitude, the degree 
and minute marked by the nonius on the laft< 
mentioned ſemicircle will be the angle of altitude, 
if on the quadrant or part neareſt the" eye, or of 
depreſſion, if on the remoter quadrant, 


Remark. 
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Remark. It is proper in this place to deſcribe 
che nature and uſe of the admirable. contrivance. 
commonly called a nonius. It depends on the 
a circumſtance, that if any line be divided 


into equal parts, the length of each part will be No 


greater, the fewer the diviſions ; and contrariwiſe,” 
it will be leſs i in proportion as thoſe diviſions are 
more numerous. Thus it may be obſerved, that 
the diſtance between the two extreme "firokes 5-0, 
the nonius, in the equatorial before, us, cel 
equal to 14 degrees on the limb, ES that it 1 
divided i into 12 equal parts. Fach of theſe laſt 


parts will therefore be. ſhorter than the degree i in | 


the proportion of 11 to 12 ; thax i is to fay, twill 
be one-tyelfth part, or 5 minutes ; ſhorter. Con- 
ſequently, if the middle firoke be ſer preciſely 
oppoſite to any degree, the relative Poſitions, 

the nonius and che limb muſt be altered 5 minutes 
of a degree, before either of the two adjacent 
ſtrokes next the middle, on the nonius, can be 
brought to coincide with the neareſt ſtroke of a 
degree; and ſo like wiſe, the ſecond ſtrokes on 
the nonius will require a change of 10 minutes ; 
the third, of fifteen, and fo forth to thirty, when 


the middle line of the nonids will be ſeen to be 

<qui=Jifſtant between two of the ſtrokes on the 

limb ; aſter which, the lines on the e ſide 
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of the nc nonius. will coincide in- A with, il 
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irokes' on the limb. | 
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1 1 is clear ; 3 this, that whenever the middle 
| froke of che nonius does not ſtand preciſely c op- 
polite t to any degree, the odd minutes, or diſtance 
| between, itand the degree immediately preceding, 
may be known by the number of the ſtroke on. 
the 1 nonius, "which coincides” with any of the 
firokes on the limb. It muſt be oblerved, how 
ever, that as the degrees in the ſeveral quadrants 


are reckoned 1 in  oppolite directions, ſo likewiſe” 
| the nonius has two ſets of numbers; for the uſe 
of which, it need only be remembered, that they | 
always begin from the middle, and go to 3 | 


minutes, and thence from the oppoſite 30 minutes 
in the ſame direction, to the middle; and that 
they muſt always be reckoned in the 5ppoſige di- 


reQion to the degrees on the Hen i et nds 
e ii TLOL: 2 
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la uus inftrument they muſt be read in the oppoſite di· 


reftion; but -when'the nonius plate has it's diviſions fewer 


than the number of parts on the limb to which it is equal, $7 
they coincide ſucceſſively in the ſame direction as * of * . 


motion of the e 5 
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To find ad Gillance of an 1654 on the Saks; by 
N e made at two ſtations. 


x 

Thisn may * Sells by. 3 a baſe * d 
me horizontal angles, and proceeding as directed 
at problem ii. But as the equatorial meaſures 
angles of depreſſion, as well as elevation, the 
ſtations may not only be on the ſame leyel, but 
may be vertically the one above the other. For 
example, if the altitude of any object be taken 
from a lower window of any building, and it's 
depreſſion from a window immediately; above, and 
the diſtance of the two ſtations of the inſtrument 
be e meaſured. 
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As the ſine of the ſum of the angles of altitude 
and depreſſion (or of the hee if 
both be altitude, or both depreſſion) 


Is to the ſine of the angle at the upper ſtation ; 


So is the diſtance between the ſtations 


To the diſtance of the MA from the lower 


dation. | 
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PROBLEM XIX. 
Le mesure heights and alder. | 


As the ſemicircle of altitude FO TR every 
purpoſe of the quadrant, inthe inſtrument before 
deſcribed,” and the horizontal circle is common to 
both, it will be eaſy for the intelligent learner to 
perform the problems iii. iv. vii. viii. and ix. 
dy che equatorial, from denne given un- 
der each en 
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The problems v. and vi. "mich: all others 
which are ſolved by the menſuration of horizontal 
angles, may likewiſe be n with great 
sn ba the n, 


PROBLEMS XXI. XXII. XXIII. and XXIV. 


Under this title! it may be obſerved, ke the 
problems xi. Xii. xiii. xiv. and xv. for finding 
4he latitude, the time by equal altitudes, the po- 
ſition of the cardinal points, and the time by the 


ſan's tranſit over the meridian, or by it's altitude 
0 and 
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and azimuth, may be performed: with equal eaſe, 
and greater accutacy, by the horizontal circle; 
and ſemic irele of altitude, in the inſtrument be-. 
fore us; as by the quadrant eee 
thoſe problems. 


— ſame af te problems, 
to which the equatorial is more peculiarly 
adapted. 


— 


| Nee xxv. 


To ind me latitude fe place, the ſun's declina- 
tion being knoun. | 


Place the adjuſted equatorial, be 
fore noon, in ſuch a poſition, that the planes o 
the ſemicircles of altitude and declination may be 
as near the; meridian as. eſtimation: will allow; 
and let the fight which carries the croſs wires be 
turned to the point of the compaſs, (either north 
or ſouth) to which the ſun will come at noon. 
Set the index on the declination ſemicircle to the 
degree and minute of the ſun's declination, either 
to the north or ſouth. ſide of O, as the caſe may 
be. Then by means of the horizontal circle and 
ſemicircle of altitude, without touching the de- 
clination ſemicircle, cauſe the ſolar ſpot to fall 
4 e on 
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on the mark in the oppoſite ſight, (or obſerve.the 
ſun itſelf by the croſs wires). Keep the fights in 

this manner directed to the ſun, till his altitude 

begins to diminiſn. The degree and minute on 
the ſemicircle of altitude is the co-latitude, and 
the latitude will be north, if that degree and 
minute be upon the d eee * 1 
othervile, na 25 ehh 24: gi c: 


SA. Ys ef d 
2 * 


To find the menudian lige, and the time, from 
one obſervation of the ſun, when it's declina- 
. and the latitude of the wp are known. 


I; 


9 — 


- 


bis problem requires a both the aviniuch 
and . — of the ſun ſhould alter quickly; and 
chis is, generally ſpeaking, the caſe, more emi- 
nently, the farther that en, is from the 
pe Se fa Mgt a nl bn 


7 4 
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At the Aiſtatcs of ſeveral his either e 
or aſter noon, adjuſt the borizontal circle ; ſet 
the ſemicircle-of altirude, ſo that it's nonius may 
ſtand at the co-latitude ; lay the plane of the laſt 


mentioned ſemicircle in the meridian, by eflima- 
tion, it's O being directed towards the depreſſed 
8 pole; place the nonius of the declination ſemis 


4 


. * b 
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a ib been whorbervilerts ard. 


Then direct the line of ſight towards the ſun, 
partly by moving the declination ſemicirele on 


the axis of the equatorial circle, and partly by 


moving the horizontal circle on it's own axis. 
There is but one poſition of theſe which will ad- 


mit of the ſolar ſpot falling directly on the mark 


on the oppoſtte ſight. When ibis poſition-is ob- 


tained, the nonius on the equatorial, or horary 
circle, ſhews the apparent time, and the circle of 


* 0 * * oy 
altitude is in the N of the meridian. 
. „ Süinon d i 02 22 
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| To find che! rh; a ther malte 1 fun's 
iY 0 and the ne are . 2. 
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The FIR being cond: by To altitudes 
of the ſun, or a ſtar, which is the beſt method, 


and ſettled by a meridian mark, or by indenta- 


tions, to ſet the ſcrews in, (prob. xi.) place 
the equatorial accordingly, and adjuſt it by the 


levels. Set the ſemicircle of altitude to the lati- 


| tude of the place, and the index of the line of 


fight; to the declination of the ſun. Turn this 
laſt ſemicircle, till the fights are - accurately 

directed to the ſun. The nonius will ſhew the 
| time on nthe ona circle, | 


This 
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This problem is more accurate than the fore. 
ring, and mayo agplid all n en the 
Rs . | 


* STEER NEST, 
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'Tofind the 0 
ſun nn nee " place 
- are known. 9 OF 


Aden en. det the ſemicircle of 
altitude to the latitude, and the nonius of the 
declination ſemicircle tothe declination; and ſet 
the nonius of the horary circle to the apparent 

time. Turn the horizontal circle till the fights 
are directed to the ſun. The ſemicircle of alti- 
b eb ee of the meridian. 


This problem nn iis 
more accurately than problem xxvi. It is much 
more ready where the time can be had, than the 
method of equal altitudes, and it is near enough 
to the truth for ſmall inſtruments. The nearer 
i the obſervation. is made to the time of naon, the 
better, becauſe the ſun. . . 
v n | | 


PROBLEM 


or vin Qu4DRENT, ie. 0s 


ene OY 


To find the declination of the 5 or . 


object, when the latitude of es ee 15 
"Firion „ are known. 


- ROSF UL isensen in beteten since 
 forepbing problem; and place the ſemicircle of 
altitude in the meridian. Then direct the ſights 
to the object, partly by moving the declination 
ſemicircle on dhe axis of the equatorial circle, 
and partly by moving the nonius of the ſemicircle 
laſt- mentioned. This nonius will then ſhie w the 
an VV 


PROBLEM XXX. 


To find the right aſcenſion of any celeſtial object, 
' when the time, the latitude, and the - poſition 
| anne ene 5 ; 


 eefidenethe een ee dientind in 3 Xxix. 
Place che ſight ſo that the vertical wire may be 2 
little to the weſtward of the object; and obſerve 

by a clock, or watch, the apparent or folar time 
wen it croſſes the wire. The ſhorteſt interval 
between the: time of obfervation and the time 
marked on the equatorial circle, by che nonius, 
| f is 


R 


0 | BESGR12TION AND; 
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i dhe Ae between the ines of ach lu. 
minary coming. to the window. 2 NO 1 


e e LO Bol ra! cli N os 


If the "ſtars, precede the ſun, this difference 


muſt be ſubtracted, from, or if otherwiſe, added 
to the ſun's right aſcenſion; and the difference, 


or ſum, will be the ſtar's right 2 


vided it. do not exceed 24 hours 1 i do, the 


NOTING 10 51 
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11 the umb elgbe aſcenfion-hould be tho ſmall | 
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I „ of iaking the difference from it, it muſt 
itſelf be taken from the difference; and the 


ſupplement of the remainder to a4 n a 
the ſtar's ys Rag | i 
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rede the line of abe 0 flaronglave 
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Adjuſt the ane to ha: latitude and me- 


fe Adian, and ſet the nonius on the declination 
circle to the declination of the ſtar. Then take 


the difference between the right aſcenſion of the 
ſun and tar; and if the right aſcenſion o the ſtar 
—— than that of the ſun, ſubtract the dif- 


„ne; 3 TM not, Na: it to 90s time of obſervation. 
£ T Saf 410 | $49 3 39 2 * 
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The. remainder, or ſum,. will be the. hour ond 

minute 0 which the nonius on the, horary. circle 
is to, be ſet: which. being dane, the fights will 

point to the ſtar. or planet ſought. #y i 5 TOP) 

; OST $07 Not Atte 36710" bas F 

| Ihe time be tos ſmall to aduit of having the 

difference. taken from it, borrow 24 hours, and 

men 2 bi 

u bn mes om 

When tha an on rn haps 8886 iurnabmo- 
don of che earth, been carried og f mo 
view, in which the croſs wires are placed, it max 
be readily overtaken, by d eee 
eme 
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problems, both terreſtrial and aſtronomical, : 
which may be {olved by theſe inſtruments; OD 
they cannot here be enlarged on, confiſtently with 
the intended limits of the preſent work, The in- 
telligent ſtudent will diſcover ſome of them him- 5 
ſelf, and for the reſt he may conſult Atwood 
Vnalyſis of a Courſe of LeQures,. De LaLande's | 
Aftronomie, and other approved authors. It 
vill be ſeen, likewiſe, that I have not entered 
into the minute conliderations of refractions, the 
Mariation of declinations, and other elements for _ 
parts of days, &c. neither have I wy = 
- 'T Th | 


4 


" * 


Fd 
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(ths mußennban ürdlnte⸗ by which th ertbrs of 
lattrumerits are either corre fel Br allowed for: 
date Ale, 1 chin the Jjodiedous Nacher wil 
join me in opinion, that though they are de. 
ſervedly eſteemed of the higheſt importance in 
The atcurare” optrarions of wödern "aſtronomy, 

Fer ic Wold not have been” adviſyable'to have 

_ diverted the attentioſ of the eurer before his 
"A ee was excited by a diſplay of the leading 
Plirriculart, eden onthe lüp PO ibn that my plan 
dud have oed rom for erecting into luch a 
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The e ene be too diff- 
dient in in attempting to diſcover them by his own 
reflections, after pe has 8 a perfect Know- 
ledge of the contents of the f oregoing pages. 
There i is no Aoubt but he wilt then ſee with that 
pleaſure, which attends' fuccetsfut * invetigation, 
the excellence of the equatorial, and the numerous 
methods by which 1 its parts may be made to co- 
operate, if | producing muck | mote accurate 
- reſults than it's ſize may ſeem to promiſe. I the 
mean time 1 ſhall conclude this article Win a 
{ deſcription of an improved equatorial, in which 
every endeavour has been uſed to unite: ſimplicity 
of conſtruction with kad; and” —_ of 
Werne e 1 TR FONLER 
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The leading requiſites in good aſtrunomical . 
inſtruments; are, 1. the parts muſt be firmly 
conneRed, ſo that they may always preſerve the 
ſame figure ; g. the args. muſt e truly centered, 
and accurately graduated ; and 3. the extremity 
of the line of ſight muſt in all ſimple metions 
are or ought to be found in, all inſtrumanta, hat- 
requires à particular conſtruction. It is obvious, 
inſtrument, at's; mation will he affected by every 
true plane; but on the cantrary, if the motigns 
be per axes xell fitted, the extremity 
of the ine of, ight will, in all fituations, remain 
directeduo ſome. pqint in the circle, in-which it 
map, be placed. The difficulty of obtaining and 
preſerving the true ſurface in the former. caſe, has 
induced all aſtronomers to gie the preference 10 
axes of motion, in ſuch inſtruments as are in- 
tended to be uſed in obſerving tranſits of the ce· 
leſtial, bodies, acroſi che plane of che circle in 
1 eee Gght is moved: — | 


la. 


* * 
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ne of dhe nature af thaſe trait, it. i a. der de- 
ſirable quality chat all it's movements ſhould be 
Made upon axes, inſtead of their being Bouemed 
by che planes af the eircles it is compqſed of. 
only 2 be, en t! e e ay 
ene is meme 6% EF. is 
he horizontal cirele firmly connected to another 
eircular piece by Mix vertical-pillars. © The-diſ. 
- tance between theſe two circles” afford à conve- 
nent fituation'f6r a ſtrong upright axis, on which 
the whole of the upper part of the inſttument 
may be horizontally turned. The circular piece, 
Which is ſerewed upon the head of the vertical 
axis, carries a ſpirit level. It alſo has an aqhuſt- 
ing ſcrew on one of it's edges, and a nonius plate 
on the other, which ſhews minutes. - This piece 
ſupports the two uprights, upon which the axis of 
the ſemicircle of altitude A B urns, At right 
angles to the ſemicitele of altitude is fixed the 
equatorial or horary circle, ſtom the center of 
which laſt Procceds' a ſtrong" axis, that A 


horary ———— Vi 
adjuſting ſcrew, connected with" an index that 
carries a nonius, for dividing the hours into por- 
tions of ten ſeconds each. The teleſcopt | has a 
ſtrong but light axis, whoſe circular end turn in 
I | | i maveable 


I Aenean. i 


moveable ſockets of hard metal, one of which » 
ij n vertical, and the other of an horizon · 
tal ann One end of the axis is per- 
ſorated, and has a ſmall convex lens ſet· in the 
opening, through which, by the help of a re- 
flector within, the croſsgrires may be illuminated 
for muking obſervatiens on the ſtats at night. 
The ſemicitele of declination D is affixed-to-the 
teleſcope, and paſſes very bear a nonius Qi which 
ſhews minutes on the limb. I ſhall no proceed 
to deſcribe the method of adjuſtment and obſer- 
vation, which will render a more minute enume- 


ration of the parts unneceſfary, and will, at the 
2 —— 
pe non, HV ot Fad 

ald lr of e e c 


bn lng eee Fu | 
ing, compared with what has been ſaid before, at 
problem xvi. will ſhew that it's perfect achuſt- 
ment conſiſts in the following particulars. 
1. The horizontal circle E E muſt be truly level. 
2. The plane of the ſemicircle of altitude: A B 
muſt be truly perpendicular to the horizon, or 
it's axis muſt be level. 3. The horary circle 
MN muſt be parallel to the horizontal circle 
E F, when the nonius of the ſemicitele of alti- 
tude marks o degrees; or at leaſt the error of the 
Feen nonius muſt be ſound. 4. The 

25 at, + 2 axis 


. prov Uni of — — the 
_ releſeope/- muſt be at right angles to it's axis of 
motion. 6. The eroſs axis of the teleſrope muſt 
be parallel to the plane of the horary circle; and 
Of!) parallel to that of the fernicirole of altitude, 
when the nonius inarhs the hour of VI. Laſtly, 
che line of ſight muſt be parallel to the horary 
nation aur W degtte s. 
_ a mene een nt rhe s, Prix text iy 
The manner of eſe adjuſtmients'may 
be avfollows” 1. Level che horizbtital circle as 
deſcribed in problem xvi. 2, The plane of the 
ſemicircle of altitude is adjuſted in the original 
conſtruction ofthe inſtrument; 3. Set the hHorary 
index ut XII, and direct the teleſcope t; a te- 
mote object; ſet the index to the oppoſite XII, 
and turn the horizontal movrable circle half 
round. If the teleſcope then points to the fame 
object, the horary circle is patallef to the hori- 
zon ;"if not, alter the politivn of the ſemicircle 
of altitude, till the teleſcope coritinues to point to 
one ſingle object in both poſitions of thehorary 
index. When this adjuſtment is made, take no- 
rice of the ſituation of the nonius of the ſemicirele 
oF altitides' if it cuts at „ it is rightly 
b | placed; 


[0 eee . by | 
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truly lin the confection, .$« Cauſe! the 
vertical c vine ob tele in Jmcefech a 
remote object, the adjuſting {erowis of-the! hoti- 


zontal and horary circles. being previouſly! made 3 
faſt, then. reverſe the paſition of the axis, ſothat 
ſtead of dawnwards.:: By the mation on the axis 
it will be ſeen vhether the ſame.croſs] wire inter. 
of motion; but if not, alter the poſition of the 
croſs wires, by. means of the two ſmall ſerews 
near the eyt end of the" teleſcope, one of which 
muſt be unſcrewed a little, and the other ſcrewed = 
up, till the deſired proof, the accuracy of the po 
arms of the hanging levels upon the ends df he 
the hori and horary circles level. By . 
means of dhe ſmall capſtan ſcrew. beneath ane end 
of the axis, cauſe the bubble of the hanging lovel 
level, and hang it again on the axis, hut in a eon- 
1 (chat it's OV md ay vow 
Tt 4" $612 16. 2108 


eines nor, aher the adi 


own ſcrews, — — 
Pen poſitions. 7. Set the ſemieircle of ulti- 
tude to 90*, and fix it there; ſet the declination 
ſemicircle to o, and the horary index to VI. 
Direct the teleſcope to a remote object. Then 
move the horizontal circle half round, and ſet 
the horary index preciſely at the oppoſite VI. If 
the. fame object be ſeen at the interſection of the 
croſs wires, the line of ſight is rightly placed, 
with reſpeR to the: horary index; if not, correct 
the axis of the teleſcope by the ſide capſtan ſcrew, 
fo that the croſs wires may cover an object half- 
Laſtly, make the horizontal and horary circles 
parallel to each other, and direct the teleſcope 
to a remote object, obſerving. the degree and 
minute - ſhewn by the nonius of the declination 
ſemicircle. Turn the horizontal circle -/280*, 
and the horary index likewiſe 1805, and obſerve 
the ſame object; If the degrees and minutes on 
the declination ſemicircle he the ſame as before, 
the nonius is rightiy placed; if not, take half the 


ſum of the two altitudes, or e which 
| | Vill 
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fir pred at the ob 
jet, -wirh "reſpect to the horaty* circle; then 
looſen the ſcrews of the declination nonius, and 
move it till the object ſeen at the interſection of 
| the croſs —— ger e word de. 
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ments, with every aver in Procher mag 
ing, and menſuration, may be performed dl 
fingular accuracy by this n. 
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The beſt? ditto, with Brazil pebbles 588. | 5 vt 
Single j joint filver ſpectacles, with glaſs | — 

Ditto, with Brazil pebbles . 
Double-joint ſteel ditto, with glaſſes «> an 
Beſt lingle-joint ſpectacles IP 
Dino, inferior frames, from is. 6; to b Jug 
Noſe ſpeRtacles, mounted in filver '*  — © 
Dito in tortgiſeſbell and ſilver, | = | "= 
vu horn and feet en —w·́—! 
SpeRacles for couched eyes l a 6. 
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Ditto, mounted in tortoĩſeſhell and filver, pearl and 8 ö 
ſilver, in various manners, and at different prices 
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Ding ee a. toy os 1 fi 6 
Ditto to be uſed at fea by nia? 1 11 6 
Diagonal operas of a new co i 6 EN ci " 


Teleſcopes of _ lengths, ſizes, P's prices Gs 
p ws, teleſ ng and convenient for | 
be pocket, Natale (tubes aft — . 
therefore not ſubject * the Mconveniences of 
thoſe that are made with dell 3 Tow | 
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ee e * c 13 7 
tele cope and microſcope, from Jl. . 9 4 1 6 
A thirty-nch*acromatic teleſe 5 „ 


eye · pieces for terreſtrial. celeſtial obj _ 

this 1s one of the moſt pleaſant teleſcopes 5 

made for general pu from l. 88. 8 3 0 
An acromatic teleſcope, about three feet and an half 

long, with different eye-pieces 18 18 o 

three feet 
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| fying powers, with rack wor — 36 15 0 
A ditto, two feet long, with 57 — 21 0 0 
A two-feet reflecti n 820 | '$ 12 12 0 
An eighteen- inch 225118: + 8 8 0 
A twelve · inch Dos - | — $ 5 
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An improved univerſal double een 1 
Diuo fitted up in a different form, f rom 81, * 757 14 
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